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INTRODUCTION 


This  appendix  contains  a  summary  of  pertinent  data  used  in 
evaluating  alternatives  involving  10  identified  water  resour,  e 
problems  in  the  Mississippi  River  Headwaters  Lake  Study.  These 
10  problems  relate  either  directly  or  indirectly  to  the  operation  o! 
the  six  headwaters  lakes  whose  levels  were  raised  by  Corps  dams  con¬ 
structed  between  1881  and  1913.  Recent  national  interest  in  the 
hydropower  potential  of  existing  dams  precipitated  additional  ana! vs  is 
of  this  possibility  for  each  headwaters  dam. 

Each  of  the  10  problems  is  addressed  under  a  minimum  of  3  prim  i- 
pal  headings  involving  background;  geologic  and  soils  information; 
hydrology  and  hydraulic  studies;  detailed  estimates  of  first  costs, 
annual  costs,  and  benefits;  and  recommended  action  where  appropriate. 
Plates  are  included  at  the  end  of  the  discussion  for  each  problem. 

PROBLEM  1  -  HEADWATERS  LAKES  OPERATING  PLANS 


BACKGROUND 

Between  1881  and  1913,  the  Corps  of  Engineers  constructed  six 
water  control  dams  on  lakes  in  the  headwaters  area  of  the  Mississippi 
River,  primarily  to  benefit  river  navigation  with  incidental  benefits 
for  logging.  Most  of  the  land  bordering  the  lakes  was  originally 
owned  by  the  Federal  Government,  and  flowage  easements  were  acquired  on 
all  other  riparian  lands.  Much  of  the  land  owned  in  fee  was  later  sold, 
although  the  Government  reserved,  and  still  retains,  all  flowage  rights 
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on  lands  required  for  full  operation  of  the  lakes.  All  homesites, 
resorts,  and  commercial  establishments  on  the  shores  of  these  lakes 
have  been  developed  on  lands  leased  from  the  Government  or  on 
privately  owned  lands  subject  to  Government  rights.  A  general  map 
of  the  basin  showing  the  six  Mississippi  River  Headwaters  Lakes  is 
shown  on  plate  A-l. 

The  need  for  water  releases  to  aid  navigation  was  greatly  reduced 
by  completion  of  a  9-foot  navigation  channel  below  Minneapolis  in  the 
1930' s.  With  the  development  of  recreation  as  a  business,  recreation 
interests  exerted  constantly  increasing  pressure  on  the  Government  to 
stabilize  water  levels  in  the  lakes.  Both  upstream  and  downstream 
interests  became  increasingly  concerned  about  the  flood  control  ef¬ 
fects  of  headwaters  lakes  operation.  Successive  modifications  of 
the  operating  regulations  were  made  by  which  minimum  levels  were 
raised  and  storage  capacity  was  drastically  reduced. 

Additional  operating  plan  changes  are  continually  proposed  to 
the  St.  Paul  District.  For  example,  the  Aitkin,  Minnesota,  area  is 
interested  in  the  operation  of  the  headwaters  lakes  for  whatever 
flood  control  benefits  they  might  provide.  The  Twin  Cities,  Minnesota, 
area  is  interested  in  the  headwaters  lakes  as  a  permanent  or  emergency 
water  supply  source.  The  Leech  Lake  Indians  are  interested  in  pre¬ 
serving  the  natural  wild  rice  stands  on  Leech  Lake  wThich  could  be 
affected  by  any  proposed  change  in  lake  operation.  Power  interests 
favor  sustained  high  flows  for  optimum  power  production.  Environ¬ 
mentalists  are  concerned  with  the  overall  effects  of  lake  operation 
on  natural  resources. 
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GEOLOGY  AND  SOILS 


The  controlled  headwaters  lakes  of  the  Mississippi  River  are 
located  in  north  central  Minnesota.  The  drainage  basins  of  these  lakes 
are  located  principally  in  Aitkin,  Beltrami,  Cass,  Crow  Wing,  Hubbard, 
and  Itasca  Counties. 

The  upper  three  lakes  -  Winnibigoshish,  Leech,  and  Pokegama  -  lie 
in  a  region  of  geologically  young,  gray,  glacial  drifts  from  the 
Keewatin  Center  which,  in  the  Grand  Rapids,  Minnesota,  area,  become  a 
thin  veneer  over  a  rugged  moraine  of  Patrician  or  young  red  drift. 

Sandy,  Pine  River,  and  Gull  Lakes  lie  in  the  red  drift  region.  The 
gray  drift  is  generally  more  clayey  and  less  stony  than  the  red  drift. 

The  drifts  vary  in  thickness  from  300  to  400  feet  at  the  head  of  the 
Mississippi  River  to  about  200  feet  near  Gull  Lake. 

Cass  County  which  contains  three  of  the  controlled  lakes  (Winni¬ 
bigoshish,  Leech,  and  Gull)  comprises  1,998  square  miles  of  gently 
rolling  upland  surface  and  numerous  lakes.  This  topography  is  the 
result  of  deposition  of  glacial  drift  during  the  Wisconsin  Age.  Three 
general  types  of  deposition  are  found  in  Cass  County.  In  the  north, 
along  the  south  shore  of  Lake  Winnibigoshish,  is  a  sandy  outwash  plain. 
South  of  this  outwash,  in  the  vicinity  of  Leech  Lake,  is  a  substantial 
zone  of  till  plain.  The  southwestern  portion  of  the  county,  from 
Leech  Lake  to  northern  Gull  Lake,  is  part  of  the  St.  Croix  moraine 
system. 

At  least  16  distinct  types  of  soil  are  recorded  in  Cass  County. 

The  outwash  of  the  northern  part  of  the  county  has  developed  a  very 
light-colored,  loamy  sand  with  low  inherent  agricultural  fertility. 

The  soils  in  the  remainder  of  the  county  are  mixtures  of  sand,  clay, 
and  loam  of  fair  to  good  fertility.  Organic  peat  soils  occur  in  numerous 
low-lying  areas  throughout  the  county.  These  soils  have  good  fertility 
potential  but  present  problems  in  physical  structure  and  water  holding 
capability. 


Aitkin  County,  in  which  Sandy  Lake  is  located,  is  predominantly 
till  plain  with  a  large  outwash  area  immediately  to  the  northeast 
characterized  by  surface  deposits  of  sand  and  gravel.  The  soil  of 
the  till  plain  area  is  brownish  and  slightly  acidic,  with  pebbles 
and  boulders  of  granite  and  gneiss. 

Crow  Wing  County,  in  which  Pine  River  Lake  (12  lakes)  is  located, 
consists  primarily  of  glacial  outwash,  with  considerable  moraine  along 
the  eastern  border  and  till  plain  along  the  southern  margin.  Pine 
River  Lake  is  located  on  outwash  soils  predominated  by  sand  and  clay 
with  fair  to  poor  fertility. 

Itasca  County,  in  which  Pokegama  Lake  is  located,  is  characterized 
by  surface  features  resulting  from  the  Wisconsin  glaciation  over  10,000 
years  ago.  The  soils  are  diverse.  Loamy  sands  characterize  the  east 
central  and  west  central  portions  of  the  county.  Silrv  lake  sediments 
occur  in  several  townships.  Erosion-prone  sand  and  peat  deposits  of 
low  fertility  occur  in  the  southeastern  part  of  the  county,  and  a  belt 
of  reddish  clay  loam  extends  from  the  southwest  to  the  northeast. 

Veins  of  gravel  and  sand  are  located  throughout  the  headwaters 
region,  especially  in  the  gray  drift  areas.  These  veins  permit  free 
interchange  of  water  between  the  headwaters  lakes  and  the  underground 
water  table.  Sand  and  gravel  deposits  are  found  extensively  in  Cass, 

Crow  Wing,  and  Itasca  Counties  as  well  as  in  and  around  Minneapolis- 
St.  Paul,  Minnesota,  at  the  southern  extreme  of  the  study  area. 

The  Mississippi  River  basin  contains  two  iron  ore  ranges,  the 
Mesabi  and  Cuyuna.  In  Itasca  County,  the  Mesabi  Iron  Range  extends 
northeast  to  southwest  across  the  prairie  and  the  Mississippi  River,  passing 
through  and  terminating  several  miles  southwest  of  Grand  Rapids.  The 
Cuyuna  Iron  Range  runs  parallel  to  and  south  of  the  Mississippi  River  in 
Crow  Wing  County.  The  location  of  these  two  ranges  with  respect  to  the  major 
mineral  areas  and  surficial  geology  is  shown  on  the  following  two  figures. 
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Iron  ore  reserves  in  the  Mesabi  range  contain  four  major  types: 
natural  ore,  nonmagnetic  taconite,  magnetic  taconite,  and  semitaconite . 
The  Cuyuna  range  has  large  reserves  of  nonmagnetic,  low-grade  ores. 

No  new  subsurface  investigations  were  conducted  during  this  study. 

The  geology  and  soils  information  developed  for  this  report  was  al¬ 
ready  available  from  other  sources. 

STREAM  CHARACTERISTICS 

The  Mississippi  River  varies  from  about  15  feet  wide  at  the  outlet 
of  Lake  Itasca  to  approximately  300  feet  wide  near  Brainerd,  Minnesota. 

In  its  uppermost  reach,  the  river  passes  through  several  large  lakes, 
three  of  which  are  Lake  Bemidji  (miles  1,304.0  to  1,301.3),  Cass 
Lake  (miles  1,283.7  to  1,276.1),  and  Winnibigoshish  Lake  (miles  1,263.8 
to  1,247.9).  Below  Winnibigoshish  Lake  the  Mississippi  River  joins 
the  Leech  Lake  River  at  mile  1,223.8  and  then  winds  through  a  low-lying 
area  to  Pokegama  Lake  at  mile  1,183.8. 

The  Mississippi  River  in  the  vicinity  of  Days  High  Landing,  Minnesot 
has  a  slope  of  about  0.3  foot  per  mile  and  a  channel  flow  capacity  of 
about  2,000  cfs  (cubic  feet  per  second).  The  low-water  profile  of  the 
Mississippi  River  between  Grand  Rapids  and  Brainerd  is  a  fairly  uniform 
slope  of  about  0.5  foot  per  mile  between  Grand  Rapids  and  the  mouth  of 
the  Rice  River.  It  flattens  to  a  slope  of  less  than  0.2  foot  per  mile 
between  the  mouth  of  the  Rice  River  and  Pine  Knoll  and  again  assumes  a 
slope  of  about  0.5  foot  per  mile  below  Pine  Knoll.  The  decrease  in 
slope  between  the  mouth  of  the  Rice  River  and  Pine  Knoll  results  from 
the  numerous  meanders  which  greatly  increase  the  length  of  the  channel 
in  this  reach.  Channel  widths  between  Grand  Rapids  and  Brainerd  vary 
from  about  130  to  400  feet  and  channel  flow  capacities  vary  from  about 


5,000  cfs  above  the  mouth  of  the  Sandy  River  to  approximately  12,000 
cfs  below  Pine  Knoll.  In  the  vicinity  of  Aitkin,  flows  greater  than 
6,000  cfs  exceed  bank-full  capacity.  Drainage  areas  of  the  main 
stem  and  the  principal  tributaries  and  river  mileages  in  the  head¬ 
waters  lakes  area  are  given  in  the  following  table. 


Drainage  areas  of  the  Mississippi  River  basin  near 
the  headwaters  lakes  _ 


Drainage  area  (square  miles) 


Stream 

Miles  above 
the  mouth  of 
the  Ohio  River 
(river  mile) 

Tributary 

Total 

Mississippi 

River 

(including 

tributary) 

Mississippi  River  at 

Lake  Itasca  (outlet) 

1,366.2 

36 

Mississippi  River  at 

Lake  Bemidji  (outlet) 

1,301.3 

- 

596 

Mississippi  River  at 
Winnibigoshish  Dam 

1,247.9 

- 

1,442 

Leech  Lake  River  (mouth) 

1,223.8 

1,246 

2,780 

Mississippi  River  at 

Days  High  Landing 

1,203.8 

- 

3,175 

Mississippi  River  at 
Pokegama  Dam 

1,183.8 

- 

3,265 

Prairie  River  (mouth) 

1,177.5 

446 

3,900 

Swan  River  (mouth) 

1,138.0 

330 

4,561 

Sandy  River  (mouth) 

1,105.6 

423 

5,060 

Willow  River  (mouth) 

1,077.5 

483 

5,579 

Rice  River  (mouth) 

1,065.7 

356 

5,965 

Sisabagmah  Creek  (mouth) 

1,057.8 

45 

6,030 

Mud  River  (mouth) 

1,056.9 

106 

6,140 

Mississippi  River  (Aitkin) 

1,055.9 

- 

6,140 

Little  Willow  River  (mouth)  1,048.8 

87 

6,240 

Pine  Knoll 

1,040.1 

- 

Deer  Brook  (mouth) 

1,036.1 

23 

6,300 

Pine  River  (mouth) 

1,023.8 

802 

7,130 

Mississippi  River  at 
Brainerd 


1,001.5 
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HYDROLOGIC  AND  HYDRAULIC  STUDIES 


General 


A  number  of  hydrology  and  hydraulic  studies  were  conducted  for  the 
Mississippi  River  Headwaters  Lakes  In  the  years  preceding  1976,  when 
the  present  study  was  Initiated.  Most  of  the  earlier  studies  dealt 
with  flood  operating  plans  that  attempted  to  alleviate  overall  flood 
damages  in  the  Upper  Mississippi  River  basin  by  means  of  headwaters 
lakes  operations.  Much  of  the  earlier  work  centered  on  the  Aitkin 
and  White  Oak  Lake  areas,  which  are  individually  discussed  in  later 
sections  of  this  report. 

The  most  recent  efforts  involved: 

a.  A  1962-1966  Flow  Determination  Program  Computer  Study  to 
evaluate  the  effects  of  lake  operation  on  lakeshore  property  owners 
and  downstream  flooded  interests  and  on  possible  low-flow  augmentation 
for  the  metropolitan  waste  treatment  plant  located  on  the  Mississippi 
River  just  downstream  of  St.  Paul.  This  study  ended  inconclusively 
with  no  final  report  being  prepared.  Lack  of  study  completion  money, 
a  shift  in  emphasis  on  other  studies,  and  major  flood  problems  within 
the  St.  Paul  District  prevented  completion  of  the  study.  At  cessation 
of  study  efforts,  the  current  plan  of  operation  for  the  six  headwaters 
dams  was  considered  reasonably  satisfactory  for  most  interests. 

b.  Work  for  the  March  1972  interim  survey  report  for  a  proposed 
dam  at  the  outlet  of  White  Oak  Lake  (Days  High  Landing  Dam).  This 
study  report  dealt  primarily  with  the  hydrologic  effects  on  the  Missis¬ 
sippi  River  in  the  vicinity  of  the  proposed  Days  High  Landing  Dam 

(the  area  upstream  from  Pokegama  Dam).  A  hydrologic  study  o!  the 
six  headwaters  lakes  was  conducted  in  1978  and  1979,  using  the  Hydi o- 
logic  Engineering  Center's  HEC-5c  computer  program  to  evaluate  the 
hydrologic  and  economic  effects  of  lour  lake  operating  plans.  I  he 
HEC-5c  program  evaluated  these  effects  at  six  headwaters  lakes  and 
five  downstream  control  points. 
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The  current  hydrologic  study  was  conducted  in  1981  and  1982.  It  in¬ 
volved  a  reevaluation  of  the  hydrologic  and  economic  effects  of  10  operating 
plans  using  a  new  version  of  the  HEC-5  computer  program.  Ultimately,  only 
8  of  the  10  plans  were  evaluated  by  the  model. 

Basic  Data 


Much  basic  data  exist  for  the  Mississippi  River  Headwaters 
area,  and  it  is  difficult  to  select  from  the  vast  array  of  material. 

For  this  study,  an  attempt  was  made  to  include  backup  material  that 
would  be  useful  in  evaluating  the  study  procedure  and  results.  Several 
items  basic  to  any  reservoir  study  are  individual  site  plans  (plates 
A-2  through  A-7) ,  surface  area  curves  (plate  A-8) ,  and  elevation- 
storage  curves  (plates  A-9  through  A-14). 

Much  of  the  early  data  for  the  Mississippi  River  Headwaters  area 
was  related  to  United  States  Engineer  Survey  Datum  (USED).  The  USED 
survey  datum  was  used  in  the  survey  and  construction  of  the  Missis¬ 
sippi  River  Headwaters  dams.  Stages  were  also  used  at  each  damsite 
for  a  convenient  reference.  Stages  were  elevations  in  feet  above  a 
convenient  reference  point  such  as  the  stream  bottom,  average  low  water, 
or  structure  apron.  There  was  no  established  relationship  between 
stages  at  each  of  the  six  headwaters  lakes  dams,  except  the  USED  sur¬ 
vey  elevations. 

Additional  survey  elevations  above  mean  sea  level  were  later  intro¬ 
duced  in  the  headwaters  area  with  nationwide  survey  datums  (1912  and  1929 
adjustment).  The  three  survey  datums  and  stage  data  led  to  much  confusion, 
and  in  1973  a  decision  was  made  to  reference  all  headwaters  elevation 
data  to  the  1929  adjustment  survey  datum.  Therefore,  for  this  report, 
all  data  will  be  referred  to  the  1929  adjustment  survey  datum  or  a 
combination  of  stage  and  1929  adjustment  survey  datum,  where  deemed 
helpful.  Many  local  people  In  the  headwaters  area  prefer  and  continue 
to  use  the  stage  reference;  thus,  use  of  both  references  was  considered 
essential  in  some  areas  of  this  report. 

The  following  two  tables  compare  the  elevations  and  stage  datums 
previously  in  use  with  pertinent  operating  limits,  storages,  and  other 
features. 
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GENERAL  OPERATING  DATA  -  MISSISSIPPI  RIVER 
HEADWATERS  RESERVOIRS 


Cats  Lake 


WINNIBIGOSHISH  RESERVOIR 


'  .  DAM 

*  r 


L  BAll  Cl  Jfi  •  AKE 
STAFF  gage 


'  WUO  lAK£  ^  ^5=;,- 
DAW  .  'I  r 


LEECH  LAKE 
RESERVOIR 


+  n  t*  * 


D££R  RtvLR 

*hitE  OAK  LAKE  STAFF  GAGE 
C'AyS  m  i  AND  NG  GAGE 
COlliNS  BRCGE  GAGE 
Grand  Rapids 


J-  '  A 


•Vl 


A.  .  >  * 

BEACH  R  C  A  C 
GAGE 


>  „ Ak  E  GAGE 


POKEGAMA' 

RESERVOIR 


PINE  RIVER- 
RESERVOIR 


*  (  V 


\A  ..  ' 


*  1Rby-am  SANDY  LAKE 
,  RESERVOIR 


GULL  LAKE- 
RESERVOIR 


ir 

/  DAM 


i  " 


Bramerd 


■Vv  7  '81 


LAKE  ELEVATIONS  IN  FEET  -  1929  ADJ. 


LEECH  POKEGAMA  SANDY 


GULL 


RESERVOIR  SgoThISH  l-EECH  POKEGAMA  SANDY  PINE  GULL 


NORMAL  SPRING  STAGE  (DATE)  .  1296  94(3/1)  .1293  20(3/1).  12 70  42 (3/15) .1214  31  (2/ 1 51.122732(2/1 5019275(2/ I3JJ 
DESIRABLE  SUMMER  RANGE  "  1298  94-1299  44  ]l29«  50-129+901273  I+-I2  f  3  67^1216  04-1214  9«|229  07-1229571195  75- 1194  00 
ORIGINAL  OPERATING  LIMITS  J_[288  94H503  14  j[292  20-.29794J268  92-  278.42  )I2079I-I2I8  »l  )2'7  62-128482*1188  73-119475 

CATiNGTuMi>TSGINAACL-FTPER’  967,900  74  3  ,  300  120,80  0  7  8,7  00  1  78,900  70,800 

.PRESENT  OPERATING  LIMITS |  1294  94-1303  14  jl292~70- 129794  12  70  42-1278  4  2  ]l2i4  3t - 12 ) S  3'  J22S  5212  31. 32M92  75-1194  75 

PRESENT  ORDINARY  OPFR~ 

,  .w.re  1296  94-130094  1293  20-1295  TOi?’0  42-i?74  4?  i? ;  4  3i  -  -  2 ' 6  3'  *226  32  ■  1230  321192  ?5- n94  73 

AT  ING _ LlnWl  T  5 _ _ _ _  _ 

DESIRABLE  OPERATING  LIMITSJ296  94- 1 299  44J293  20  i295  7012  7 1  42  ■  i2  74  42  J2i4  3'’2i8  3 '  '227  32  -i 2  30  32JI92  75- "94  7^ 

63  3,600  689,800  102,400  37,600  /9.900  26.000 

FTL0OWEALGEEVARTtTS0FAC0U'RED  '306  94+  130170+  1280  42+  *222  31  +-  1 2 38  82+  1198  75  + 

EVER  ’  '*>3  39  ’  ,29788  '  127792  ‘  ,22482  '  ,23436  *  n"05~ 

NUMBER  OF  TIMES  UPPER  *  *  ...  > 

OPERATING  LIMIT  HAS  BEEN  2  0  IB  18  0  6 

^EXCEEDED 

NO  TIMES  FLOWAGE  LIMITS  *  * 

.  HAVE  BEfN  EXCEEOEO  4  °  .  0  0  .  '  0  .  0 

MAXIMUM  ELEVATION  ATTAINED 

|#90  130317  1296  8,  127739  122482  1 2  3 1  4 1  1195  01 

RESER  VOIR^Tn  OPERATION  |  1884  *  1884  *  1884  1895  1886  T  1912 


1303  39 


102,400  37,600  79,900  26.000 


1301  70  + 


1297  88 


1280  42  + 


127792 


,222  31  + 


122482 


,238  82  + 


,2  34  56 


,198  73  + 


,19305 


,30317 


,296  8 1 


,27739 


,22482 


,23, 4, 


,195  01 


STAGES  IN  USE  PRIOR  TO  JULY  1973 


1 

RESERVOIR 

W 1 NN 1  - 

BIGOSHISH 

NORMAL  SPRING  STAGE 
^  DATE ) 

B.O  (3  1) 

DESIRABLE  SUMMER 

RANGE 

10.0-10  5 

ORIGINAL  OPERATING 

LIMITS 

0-14.2' 

CAPACITY.  ORIGINAL 
OPERATING  LIMITS 

AC  FT 

967,900 

PRESENT  OPERATING 

LIMITS 

6-142 

PRESENT  ORDINARY 
OPERATING  LIMITS 

8-12' 

DESIRABLE  OPERATING 
LIMITS 

8’  105' 

. 5 ‘ -5 , 24 '  4.5* - 12*  0  6  -1] 


GULL 


5.0  (2  15  ) 


6.0-6.25 


13185  1070 


967,900  743,300  120,800  78,700  178,900  70,800 


CAPACITY  PRESENT 
OPERATING  LIMITS 
AC -FT _ _ 

FLOWAGE  RIGHTS 
ACQUIRED  TO 
STAGE  OF 


MAXIMUM  STAGE 
EVER  ATTAINED 


NUMBER  OF  TIMES 
UPPER  OPERATING 
LIMIT  HAS  BEEN 
EXCEEDED 

NO  TIMES  FLOWAGE 
LIMITS  HAVE  BEEN 
EXCEEDED 

MAXIMUM  STAGE 
ATTAINEO  IN  1950 

ZERO  OF  GAGE: 


5 '  -3  O’  6  10' 


653,600  689,800  102,400  37,600  .79,900  }  26  000 


I 


The  following  two  tables  provide  an  overview  of  information 
the  six  headwaters  lakes  control  structures. 


Mississippi  River  Headwaters  Lakes  -  maximum  data 
maximum  operating  stage  Maximum 
imum  To  prevent  flooding  stages 
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The  following  six  figures  are  graphical  profiles  of  each  of  the 
six  headwaters  lakes  showing  relationships  between  stage,  elevation, 
storage,  and  operating  limits.  The  stage  in  feet  at  each  lake  con¬ 
trol  structure  was  referenced  to  the  structure  flow  level  or  gate 
sill  which  was  at  zero  elevation.  Area  and  capacity  data  shown  on 
these  figures  and  on  plates  A-9  to  A-14  are  derived  tro:\  trie  1 9->  j 
surface  area  curves  shown  on  plate  A-8. 
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The  earliest  attempts  to  accurately  define  the  acreages  and 
capacities  of  the  six  headwater  lakes  occurred  in  1925  and  again 
in  1931.  Areas  and  capacities  were  tabulated  at  those  times  from 
planimetered  flowage  maps.  The  lake  surface  areas  were  later  shown 
on  the  July  1945  Mississippi  River  Headwaters  Area  Curve  drawing. 
These  area  curves  were  also  used  to  develop  the  lake  storages  or 
capacities  used  in  the  April  1963  Master  Reservoir  Regulation  Manual 
used  by  the  Reservoir  Regulating  Section. 

In  the  capacity  evaluation,  no  attempt  was  made  to  define  the 
total  storage  in  each  natural  lake,  but  only  the  amount  of  active 
storage  above  some  arbitrary  zero  elevation.  Lake  bottom  elevations 
were  not  sufficiently  defined  for  this  purpose,  nor  was  there  the 
need,  from  an  operation  standpoint,  to  quantify  the  available 
"dead  storage."  Unfortunately,  the  earlier  "zero"  storage  designa¬ 
tions  were  based  on  arbitrary  assignments  related  to  normal  ’over 
operating  limits.  Observed  lake  levels  sometimes  exceeded  the 
"zero"  lower  limit,  resulting  in  negative  storage  values.  For 
the  purpose  of  this  study  (as  shown  on  plates  A- 9  to  A-14)  the 
zero-storage  levels  were  assigned  to  the  structures  sill  elevations 
or  close  to  them.  This  eliminated  negative  storage  values.  As 
a  result,  the  storages  referred  to  in  this  report  may  differ  from 
those  in  other  sources  such  as  the  1963  Master  Reservoir  Regulation 
Manual.  In  general  though,  the  incremental  storage  values  tor 
other  data  sources  are  the  same. 
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STAGE  2  STUD  IKS 
Genera  1 

Several  operating  plans  for  the  six  Mississippi  River  Headwaters  Lakes 
were  initially  evaluated  using  Generalized  Computer  Program  HKC-Sc.  The 
program  was  used  to  evaluate  the  effects  of  varying  the  lake  operating 
plans  on  downstream  areas  such  as  Aitkin  and  the  Twin  Cities.  The  analysis 
was  summarized  in  the  draft  stage  2  report  on  the  Mississippi  River  Head¬ 
waters  Lakes  study,  September  19 29. 

The  HEC-5c  computer  program  used  11  control  points,  which  included 
the  b  headwaters  lakes  dam  locations  and  5  downstream  locations  (l.ihbv, 
.■Aitkin,  Royalton,  Anoka,  and  St.  Paul,  Minnesota,  I'.S.  Geological  Survey 
gage  locations).  The  control  point  locations  are  shown  on  plate  A-l. 

Plans  Evaluated 

Four  plans  were  evaluated  with  the  HEC-5c  program  early  in  tin-  st.i  « 

2  study  and  included: 

•  Natural  conditions. 

•  Present  conditions. 

•  Low-flow  plan  for  the  Twin  Cities  emergency  water  supply. 

•  Flood  control  for  Aitkin. 

A  brief  discussion  of  each  of  these  four  plans  follows. 

Plan  1:  Present  Operating  Plan 

The  present  plan  of  operation  is  reasonably  successful  in  satisfying 
the  diverse  but  related  interests  in  stable  water  levels.  These  inter¬ 
ests  include  lake  docking  facilities  and  wild  rice  production  upstream 
and  downstream  of  the  dams,  water  supply,  fish  and  wildlife  eonservat ion , 
hydropower  and  power  plant  cooling  water  needs,  flood  control,  and 
navigat ion . 
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Basically,  the  six  lakes  are  operated  to  provide  optimum  levels 
for  recreation  and  fish  and  wildlife  interests  except  during  floods. 
During  flood  periods,  Winnibigoshish  and  Leech  Lakes,  the  two  largest 
lakes,  are  operated  to  provide  available  storage  early  in  the  spring 
so  that  outflows  can  be  reduced  to  near  zero  during  high  stages  at 
Aitkin.  The  two  lakes  farther  downstream,  Pokegama  and  Sandy  Lakes, 
are  regulated  in  parallel  with  the  observed  stages  at  Aitkin  to  cause 
the  least  total  damage  in  the  Pokegama,  Sandy,  and  Aitkin  areas.  Pine 
River  and  Gull  Lakes  are  operated  exclusively  to  prevent  flooding  of 
lake  property  owners  during  these  times. 

The  present  plan  of  operation  is  the  product  of  continual  refine¬ 
ment  and  adjustments  to  broad  operating  limits  for  each  of  the  lakes. 

The  plan  has  been  developing  since  the  headwaters  dams  were  constructed 
in  the  late  1800's  and  early  1900's.  Cumulative  refinements  and  adjust¬ 
ments  have  been  made  as  a  result  of  public  hearings  and  studies  carried 
out  since  that  time. 

The  tentative  guide  curves  for  Pokegama-Sandy-Ai tkin  are  shown  on 
plates  A-15  and  A-16  and  the  Aitkin  rating  curve  is  shown  on  plate  A-17. 


Plan  2:  Water  Supply  Plan  for  the  Twin  Cities 

The  present  plan  of  operation  of  the  headwaters  lakes  does  not 
provide  for  separate  or  special  flow  releases  for  Twin  Cities  municipal 
or  industrial  water  uses.  The  proposed  plan  would  allow  additional 
flow  releases  to  insure  that  flows  entering  the  Twin  Cities  metro¬ 
politan  area  (at  Anoka)  would  not  drop  below  approximately  1,600  cfs. 
This  flow  is  considered  to  be  the  minimum  required  to  meet  water  supply 
and  steam  power  needs  in  the  Twin  Cities  area  in  the  year  2015.  This 
flow  would  also  meet  navigation  and  irrigation  requirements  upstream 
of  Anoka.  The  following  table  summarizes  the  derivation  of  minimum 
Upper  Mississippi  River  flow  requirements  (including  the  Twin  Cities). 


A- 2  5 


k 


m  o  r*- 

cm  c-i  co 

cn  f— •  <r 


3  ^ 

H  > 

CT3  O 

0/  "O  o 
X  o 

AJ  L  CM 

G 


m  cm  in 
oo  •— 
<r  o  x 


CM  CM  (N  (j 

On  o  o 

r--  lC|  CO  r— t 

vO  cm  C-  C-J 


IO 
•*  c  o 
t:  clo' 
03  — * 


ON  ON  CO 

O  00  O'  in 

uo  r~ •  ^  N 

O 


CM  C-l  CM  X 


<  I  CO 


CM  <0  CO 

cm  <r 


t— .  4-1  La 

"0  G 
G  Of- 


V-' 

03  u 

a 

r 

[ 

Cl  L- 

JX 

E 

v> 

G 

*» 

r-  ~j 

It 

c-. 

/—A 

r-  c 

4-> 

c- 

*•—4 

T— < 

71 

ON  CJ 

7) 

O 

• 

• 

. 

U- 

. — * 

• — i  • 

o 

uo 

o 

C- 

x 

<-H 

00 

u 

>  . 

G 

.-v 

r-- 

CM 

CM 

CO 

o 

O 

in 

G  A-J 

_  CO 

ON 

<r 

m 

i— ' 

in 

m 

C  — * 

C 

CO 

La 

C/1 

r;  r3 

CL 

C/3 

03 

G 

03 

X. 

C 

4-1 

/— \  ^ 

cc 

T3 

Oa 

CC 

G 

03 

03 

c 

*-*—  C 

G 

03 

>. 

f— < 

O  03 

f  ( 

G 

0) 

r~A 

G 

G 

(*j 

G 

'J 

T> 

at 

CL 

> 

^  G 

G 

> 

L- 

CM 

u 

La 

CL 

a> 

La  C3 

■*-A 

G 

3 

> - ✓ 

CJ 

>-> 

03 

01 

3 

—i 

r: 

C3 

X 

G 

03 

•H 

U-A 

3 

C/1 

c  oc 

x: 

71 

La 

CL 

La 

G 

*—A 

E  c 

u 

•—A 

C 

AJ 

D. 

3 

CL 

La 

3 

33  **h 

G 

a 

G 

c 

3 

71 

C 

G 

03 

71  '— 

►— < 

03 

G 

G 

C/1 

L- 

4-1 

C- 

G 

C- 

r—t 

/-*v 

4-1 

03 

03 

-t  G 

CL 

X. 

G 

La 

m 

0/ 

>. 

A* 

• 

aD  'J 

3 

• 

- — ■- 

o 

0/ 

V— ' 

01 

X 

4-J 

ON 

o 

4-> 

• 

E 

4-1 

>. 

G 

'll 

IT 

La 

fy. 

—  c: 

£ 

03 

03 

r—A 

*> 

’J 

1 

03 

c 

i 

G 

a3 

G 

£ 

c 

o 

C 

03 

71 

L-  G 

T 

G  — • 

G 

4-> 

0 

4-1 

c 

14- 

•iA 

g  a. 

.‘t 

•*“A 

La  AJ 

u 

c/l 

03 

•r-t 

La 

—A 

X 

r/5 

r-4 

-A  — A 

4-1 

<u 

La 

03 

4_> 

D 

r, 

G  C 

03 

G 

00  — ' 

71 

T3 

La 

G 

01 

03 

71 

Cl 

G  G 

La 

O. 

•rA  r 

CL 

a 

03 

*-> 

La 

00 

03 

4-J 

G 

U—  CL 

H 

0 

m 

03 

**H 

•pA 

71 

G 

CL  03 

3>, 

G 

G 

X 

3 

3 

La 

0i 

C3 

G  O' 

r— 

c 

G  La 

c 

c 

u 

'01 

/•— N 

cr 

L- 

.-4 

C 

C f.  71 

CL 

c 

C  *-* 

o 

o 

g 

••H 

<r 

a» 

01 

•■H 

4-» 

•rA 

03 

CL 

•rA 

La  X 

■-A 

4-1 

o 

La 

w 

•r“* 

on  cn 

13 

la.  U3 

AJ 

4-» 

o 

•H 

r— 1 

03 

u 

cy> 

03 

03 

CL 

u 

03 

*4-* 

*J 

X 

00 

00 

o 

4-1 

La 

c; 

03 

c 

N  ^—y 

La 

- 

/ - -  N 

•-A 

■fA 

La 

c 

g 

3 

33 

G 

••-A 

<— 

c  J  -C 

-  r 

•  r\  X 

> 

La 

03 

•H 

H 

C/1 

c 

•11 

v —  v_- 

4  J 

s —  “w 

c3 

U 

>. 

f- 

C 

f— * 

r* 

X 

►— ( 

H 

!< 

Plan  3:  Flood  Control  Plan  for  Aitkin 


This  plan  evaluates  the  economic  effects  of  assuming  the  lakes  are 
to  be  operated  exclusively  for  flood  control  at  Aitkin  without  regard 
for  damage  to  lake  property.  In  contrast,  the  present  approach  to 
providing  flood  protection  for  the  Aitkin  area  by  controlling  outflow 
from  the  four  upstream  lakes  (Winnibigoshish,  Leech,  Pokegama,  and 
Sandy)  is  limited  primarily  by  established  minimum  drawdown  levels  in 
the  lakes,  maximum  water  levels  that  can  be  tolerated  by  lake  property 
owners,  hydraulic  limitations  of  channel  capacities,  and  the  outflow 
capacities  of  the  control  dams.  Plan  3  would  not  attempt  to  minimize 
flood  damages  in  the  headwaters  area  but  would  attempt  to  protect  the 
Aitkin  area  at  all  costs. 


Plan  4:  Natural  Conditions 


This  plan  considers  the  hydrologic  results  of  returning  to  natural 
conditions;  that  is,  the  conditions  with  no  dams  controlling  elevations 
or  flows  from  the  six  headwaters  lakes.  This  alternative  provides  a 
useful  comparison  for  those  who  might  be  critical  of  present  operation 
and  think  that  natural  conditions  would  be  better.  A  natural  condition 
analysis  is  essential  to  compare  the  effects  that  an  operating  plan  has 
had  on  natural  lake  levels  and  flows. 

Damages 

High-  and  low-water  damages  were  developed  for  >ach  of  the  six  head¬ 
waters  lakes.  High-water  damages  were  developed  for  the  downstream  Aitkin 
area,  and  low-water  damages  were  developed  for  the  Anoka  area  even  farther 
downstream.  The  methodology  used  in  the  analysis  is  described  later  in 
the  stage  3  discussion  as  the  methods  were  the  same.  I  he  stage  2  damages 
were  used  with  the  HEC-5c  program  output  to  arrive  at  a  comparison  of 
average  annual  damages  for  each  plan  evaluated  as  described  in  t  lie 
"Conclusions"  section. 
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Initial  jlesu_lts 

The  following  products  resulted  from  the  study  and  were  included 
in  an  August  1979  contractor's  report  by  the  University  of  Minnesota's 
St.  Anthony  Falls  Hydraulic  Laboratory (SAFHL) . 

a.  Plots  of  both  low  and  high  stage-frequency  curves  for  each 
of  the  six  headwaters  lakes  for  the  period  1932  to  1976  for  each  of 
the  operating  plans  investigated.  The  curves  were  developed  for 

the  recreation  season  1  May  to  30  September. 

b.  Plots  of  high-flow  frequency  curves  at  Aitkin  and  plots  of 
low-flow  frequency  curves  at  the  Anoka  gage  for  the  period  1972-1976 
for  each  of  the  plans  investigated.  The  curves  were  developed  for 
the  recreation  season  1  May  to  30  September. 

e.  Plots  of  four  operating  plan  effects  at  the  Anoka  gage  and 
at  each  of  the  six  headwaters  lakes  for  the  period  1972  to  1976. 

(carnages  and  benefits  were  developed  at  6  3/8-percent  interest  and 
October  1977  price  levels.) 

d.  Summary  of  average  annual  damages  at  each  of  the  six  headwater 

lakes,  at  Aitkin,  and  at  the  Anoka  gage  lor  tin  operatin'  plans 
e  va  1  uate  d. 

Examples  of  some  of  the  stage  2  results  are  shown  in  the  following, 
f  igures . 
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Cone i us io  ns 

Conclusions  were  developed  from  the  following  summary  table 
prepared  as  a  result  ot  the-  HEC-5c  computer  work.  The  HKC-5c  work 
is  described  in  an  August  1979  report  prepared  by  SAFHL.  The  summary 
table  compares  total  average  annual  flood  damages  developed  by  manual 
methods  by  the  St.  Paul  District  and  May-Sep tember  annual  damages 
developed  manually  in  connection  with  a  contract  HEC-5c  computer 
study.  The  May-September  annual  damages  include  both  high  and  low 
water  damages  on  the  six  headwaters  lakes.  The  method  of  d'^elop- 
ment  Is  described  in  the  subsequent  stage  1  analysis  section. 


Operating  plans  -  comparison 
ot  average  annual  high  and  low  water  losses 

(SAFI1L) 
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The-  preceding  table  shows  that  the  present  operating  plan 
(HEC-.Se  study)  is  the  most  attractive  of  the  four  plans  evaluated 
if  only  the  damages  at  Aitkin  and  the  six  headwaters  lakes  .irt 
considered.  The  present  operating  plan  with  approximately  $757,000 
damages  ranks  first,  the  low-flow  plan  with  approximately  $877,0- *0 
losses  is  second,  and  the  high-flow  plan  with  $895,000  average  urns 
damages  is  third. 

If  the  water  needs  at  the  Twin  Cities  (Anoka)  are  included. , 
different  ranking  occurs.  The  low-flow  plan  ranks  first  at 
$1 ,981,000,  the  high-flow  plan  is  second  with  $4 , 327,000,  and  tin 
present  operating  plan  is  third  with  55,246,000  in  average  annua' 
damages.  The  return  to  natural  conditions  ranks  last  under  either 
set  of  circumstances. 

Clearly,  the  Anoka  losses  are  not  really  "damages"  but  p.  t •  n i : 
losses  to  water  supply  at  Anoka  from  an  inability  to  maintain  an. 
assured  minimum  flow  of  1,600  cfs  at  that  location. 

The  low-flow  plan  appears  most  desirable  if  equal  weight  is 
given  to  Twin  Cities  water  supply  measured  at  Anoka  and  to  flood 
and  low  water  damage  upstream.  However,  the  present  plan  of  op<  r-t 
appears  to  be  the  best  plan  for  minimizing  Aitkin  and  headwaters 
high- and  low-water  damages. 

An  additional  benefit  not  considered  in  the  !  ov- i  i .  '  . 

be  realized  from  c  low-flow  reli-a.se  schedule  lor  t  ho  Twin  C  5 :  >• 

This  benefit  would  result  from  reduced  wastew.it  er  treatment 
u  guaranteed  minimum  flow  at  St.  Paul.  The  present  7-  !av,  1 1 )-  -  -«  j 
low-t  low  would  need  to  be  raised  to  derive  this  bene  I  it  as  bis.  u  -■  -o  . 
under  "Low  .'  iter  Damages"  in  the  subsequent  dama.  e  see  t  ion  •>:  t  :  • 
appendix.  There  could  also  he-  an  added  henet  it  for  hvd ro i- 1  e.  t  i  i. 
power  at  I  4  exist ing  generating  plants,  as  d isonssed  in  tin  -  r  -e 

est  i ilia  Le  ana  1  ys  i  s  . 


environmental  losses  for  the  four  plans  wore  not  in.  1  •  i.i . 


Sf-ViL  5  STUD  IMS 

1. tiiieral 

The  sta.'i:  2  work  conducted  by  SAFHL  utuoun t  or ed  a  iiui.bor  o'  pr*  b- 
I en;s  in  trying  to  use  the  earlier  !IEC-5c  program.  These  probiet.s  were 
not  resolved,  although  SAFHI.  was  able  to  complete  its  evaluation  e t 
plans  1  through  4  by  splicing  together  parts  of  runs  and  by  considerable 
:::antia  1  work,  especially  on  graphic  plots. 

.Stage,)  work  was  directed  toward  reevaluat  tng  tile  effects  oi  the 
lour  opera  t  in.',  plans  previously  evaluated  in  state  2  and  six  additional 
operat  in,-  plans  which  were  sup, vested  in  or  inferred  from  agency  or 
public  co::c::ent.  The  stage  3  work  used  a  newer  lii.C-5  model  developed 
by  the  II  yd  rolu.iio  Eng  ineer  i  in:  Center  (HEC)  in  Davis,  Cal  itornia,  a 
new  statistical  data  program  for  time  series  data  frequency  anal  vs  is, 
and  the  HilC  Expected  Annual  Flood  Damage  Program.  The  computer 
results  from  these  programs  determined  the  hydraul ic  and  economic 
et  sects  ol  implementing  each  of  the  evaluated  plans. 

The  HEC-3  program  was  ex tensive I y  revised  by  HEC  bet  ore  the  stare 
i  contractor.  And  er  so  n-  N'  i  c  ho  1  s  i  Company  (ANCOi ,  attempted  to  use  the 
pro  ram.  These  revisions  were  necessary  to  ensure  that  the  reservoir 
operation  logic  was  per  terming  properly.  The  revisions  were  completed 
in  the  lull  of  1981. 

Problems  with  the  HEC-5  runs  in  January  1982  led  to  an  iterative 
process  review  bv  HEC.  After  considerable  time  and  effort,  12  major  pr.«b 
lems  were  discovered  and  corrected  and  final  stage  3  runs  were  made.  l.'nt 
tunately,  a  last  problem  was  discovered  in  the  plan  2  results  after  linal 
runs  were  made  and  too  late  for  modification  to  meet  contract  and  studv 
obligations.  1'his  problem  was  subsequently  corrected  by  HEC,  but  the  pi.*. 

2,  13,  and  b  results  in  this  report  still  contain  the  problem. 
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Hie  problem  shows  up  in  the  low-flow  release  plans  calling  for  1,600, 
J.J/a,  and  4,800-cls  minimum  flows  at  Anoka.  In  el  feet,  the  problem  pre¬ 
vented  some  releases  that  should  have  been  made  from  the  three  upper 
lakes  to  supply  these  flows.  The  problem  is  not  lar>;e,  but  does  affect 
the  hydraulic,  trequenev,  and  economic  results.  The  expected  dumac.c 
at  the  three  upper  lakes  should  be  somewhat  larger,  and  the  Anoka  require¬ 
ments  should  be  met  more  ot ten  for  plans  1,  5,  and  6. 

AXCO's  analysis  is  contained  in  a  June  1981  report  entitled  "Com¬ 
puter  Operations  Study  ol  Reservoir  Operations  for  Six  Mississippi  River 
Headwaters  Dams,  Contract  Xo  .  DACRM 7-8 1 -C-002 7 . "  No  attempt  will  be  made 
to  include  the  results  of  the  AN CO  report  in  this  appendix  as  the  AXCO 
report  is,  by  retorence,  made  a  part  of  this  report.  However,  the  time 
series  data  plots  and  maximum  and  minimum  data  tables  tor  plan  1,  the 
present  plan  of  operation,  are  included  in  this  appendix  for  laierence 
(.see  plates  A-  18  to  A-60)  . 

Rians  Kval noted 

•  Plan  !  -  present  operating,  plan.  Phis  plan  simulates  as  i  lose  1  v 
as  possible  the  current  operating,  plan  tor  each  ot  the  six  Mississippi 
Rivet  Headwaters  Lakes. 

•  Plan  -  low- 1  low  plan  (water  supply  plan  lor  the  Twin  Cities!, 
this  plan  would  insult’  a  minimum  t  low  ol  1,601)  cl  s  at  Anoka.  For  I  ur- 
tiier  i  1  1  ust  ra t  itni ,  the  1,600-els  t  1  ow  ot  plan  J  would  provide  a  net 

I, 430-els  l low  in  the  Mississippi  River  under  1970  conditions  and  a 
net  830-cts  Mow  in  the  Mississippi  River  in  J013,  alter  total  Twin 
Cities  w  i  t  lid  rawa  1  s .  In  eompa  r  i  son,  the  /-day  10-year  1  low  at  St.  Paul, 
ha  soil  '>ii  past  C  .  S  .  C.eo  1  or,  i  ca  1  Survey  records,  varies  l  roin  about  1,  14  0 
els  to  i  ,  »  10  els  ( depend  iny,  on  whether  a  louver  or  shorter  period  ot 
i  ecord  is  useil).  Urns,  alternative  4  would  meet  the  /-day  10-year 
low-1  low  requirements  ot  St.  Paul  tor  19/(1,  but  won  lit  be  i  n>  Teas  i  nyl  v 
del  icieiil  in  that  regard  tor  subsequent  years. 
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•  Plan  !  -  high-flow  plan  or  15-fool  desirable  maximum  stage 

at  Anoka  (.zero  damage  in  the  urban  area).  The  four  farthest  upstream 
Likes  would  be  operated  to  protect  Aitkin  insofar  as  is  possible. 

•  Plan  *  -  Natural  conditions.  The  six  lakes  would  be  allowed 
to  fluctuate  as  they  did  in  nature  with  no  control  structures  present. 

•  Plan  3  -  low-tlow  plan  with  2, 275-cls  minimum  at  Anoka.  lhis 
alternative  would  be  similar  to  plan  2,  except  the  minimum  desirable 
flow  at  Anoka  would  be  raised  from  1,600  to  2,275  cfs. 

In  letters  dated  2  May  1978,  the  Environmental  Protection  Agency 
and  the  Metropolitan  Waste  Control  Commission  both  requested  evaluation 
ol  an  alternative  with  flows  ot  approximately  this  magnitude.  This 
alternative  would  ensure  1,875  els  at  St.  Paul  alter  Twin  Cities  water 
withdrawals  are  made.  This  would  be  a  combined  water  supply  and  water 
quality  alternative  tor  supplying  year  2000  water  needs  identified  bv 
the  June  1977  Mi  tinea  po  L  is-St .  Paul  Level  B  Study. 

•  Plan  6  -  low-flow  plan  with  4, 800-els  minimum  at  Anoka.  lhis 
alternative  would  increase  the  minimum  flow  at  Anoka  to  4,800  c  f  s ,  us  in 
the  entire  "Present  Operating  Limits"  storage  space  to  provide  this 
flow  whenever  possible. 

In  a  letter  dated  2j  May  1978,  the  Metropolitan  Council  requested 
the  Corps  of  Engineers  to  evaluate  a  plan  which  would  provid.  4 , 000  .  is 
at  St.  Paul  (in  addition  to  Twin  Cities  water  withdrawals)  .  A  .  ' 

guaranteed  minimum  low  I  low  at  St.  Paul  would  require  a  del  iv<  ted  :  iow 
Anoka  ot  4,200  els  in  1970  and  4,800  ct s  in  2015.  The  purpose  e'  tin 
guaranteed  St.  Paul  low  flow  of  4,000  cts  would  he  te  pr.-viue  at  route 
water  supply  and  water  quality  improvement  in  the  Twin  lit  ies  area  and 
to  decrease  the  required  level  of  sewage  treatment  1 1  ■  a  example,  1  us  i 
water  qua  I itv  standards  could  possibly  be  maintained  without  tertiirv 
treatment  it  the  St.  Paul  7-day  10-vear  low- 1  low  wort  equal  to  4 , non 
or  5 , 000  els) . 
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•  Plan  7  -  hydropower .  This  alternative  would  optimize  hydro- 
power  production  at  existing  power  plants  on  the  Mississippi  River 
upstream  of  the  Twin  Cities  metropolitan  area.  It  was  decided  lor  the 
purpose  of  the  study  that  plan  7  would  be  identical  to  plan  6  with  a 
desirable  minimum  flow  of  4,800  efs  at  Anoka. 

•  Plan  8  -  minimize  lake  property  damage.  This  alternative 
should  come  close  to  the  present  operating  plan,  plan  1.  Potential 
changes  would  minimize  lake  damages,  particularly  during  the  recrea¬ 
tional  season  from  May  to  September.  Mo  attempt  would  be  made  to  protect 
downstream  interests  at  the  expense  of  the  lake  property  owners. 

•  Plan  9  -  environmental  or  conservation  plan.  This  plan  again 
is  quite  similar  to  the  present  operating  plan.  Four  of  the  six  lakes 
would  be  operated  as  they  are  now.  Leecli  Lake  would  be  operated  to  lollow 
the  low  side  of  the  present  summer  operating  band.  Generally  speaking, 

a  relatively  stable  level  would  be  required  to  accommodate  wild  rice 
production  (see  appendix  FI. 

I  he  iMiisi'f  vo  t  ion  plan  for  Lake  Winnibigoshish  would  consist  of  the 
nresent  trial  operating  plan  to  control  lake  erosion.  This  plan  attempts 
to  operate  Lake  i  nn i b igo sh i sh  between  9.0  and  9.5-foot  summer  levels,  with 
i  s;>n  it  i .  tat  et  level  ot  8.5  by  d  5  April  to  facilitate  walleye  spawning 
'  .i'i  i ;  'een  :  i ;i,  pact's  B-  »  3  to  8-4  6a)  . 

•  '  .  i a  hi  -  Sandy  Lake  plan.  During  spring  floods,  Sandy  Lake 

i'.  .,  ;i  :  Is  i « -moved  trom  the  water  sooner  to  allow  the  pool  and  tail 

,  i’i  •  1  it  .<•  ,  i  nu  I  t  .menus  1  v  trim  the  spring  drawdown  level.  Cates  would 

,<•>:  oil  tin  i  load  recession  to  maintain  its  normal  pool  .  Sandy 
.  it-.  ;>.■  I  i  ,  now  re. tu  la  ted  as  it  rises  I  run  spring  drawdown  level  to 
■r  ,  i  I  .  inlet  poo  1  hei.mse  baekw.it  er  el  t  eels  1  rom  the  Mississippi  River 
i  i<  is  <  both  levels.  I  lie  objective  ot  the  regulation  change  is  to 
,ii  it  | '  r  o  1 1 1  j  i  ■ ,  •  s  anv  change  in  damage  at  Aitkin.  The  proposed  oper.it  ton 

ui;  g  ■  !  ’  el  ■.  advantages  to  the  operators  in  that  it  could  eliminate 

.  on-,  i. let  ah!  e  gate  operation  moves  without  material  |v  changing  downstream 

(ite.  ts  at  Aitkin.  (Plan  10  could  not  he  evaluated  with  the  HKC-5  program 
hei.mse  o|  the  Mississippi  River  backwater  conditions  that  at  feet  tin  S.indv 
Lake  outlet.) 
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Added  Mod  it  ica  t_io n s 

Stage  3  work  followed  the  same  pattern  as  in  stage  2  except  for 
the  following  changes: 

•  A  new  contractor  was  selected  to  do  the  modeling  study  -  Anderson- 
Nichols  &  Company  of  Palo  Alto,  California,  located  near  the  Hydro  log io 
Engineering  Center  in  Davis. 

•  The  period  of  record  was  extended  to  include  1910  and  1931.  lhese 
two  years  were  eliminated  in  stage  2  work  because  of  the  lack  of  L'.S.  (Geo¬ 
logical  Survey  gage  records  at  Anoka.  AN CO  developed  flows  at  Anoka  for 
these  2  years  from  three  area  gages  (F.lk  River,  St.  Paul,  anil  Mankato). 

•  The  St.  Paul  District  modified  the  stage-damage  relationship  at  Aitkin 
from  that  used  in  the  SAFHL  stage  2  study.  Monthly  agricultural  damage 
curves  were  modified  into  a  single  composite  damage  curve  for  use  by  the 
I1EC-5  computer  program. 

•  Some  criteria  adjustments  were  made  to  the  basic  tour  operating 
plan  pool  levels  and  release  schedules  developed  in  the  earlier  stage  2 
analysis  by  SAFHL.  For  example,  the  normal  summer  pool  level  for  Lake 
W’i  nnibigoshish  tor  the  flood  control  plan  (plan  })  was  10.0  to  10.5  loot 
in  the  stage  2  analysis  and  9.0  to  9.5  1 eet  in  the  stage  1  analysis. 

This  adjustment  was  needed  to  make  the  criteria  consistent  witli  other 
plans.  Also,  the  supplementary  low  flows  for  plans  2,  5,  and  6  in  the 
stage  2  analysis  were  released  from  all  six  headwaters  lakes.  In  the 
stage  3  analysis  the  supplemental  low  flows  were  released  only  from 

the  upper  three  lakes  -  Kinnibigoshish,  Leech,  and  Pokeg.tma .  llu-  upper 
three  lakes  have  the  most  storage,  and  it  was  thought  that  this  approach 
would  be  more  realistic. 


Damages 


No  structural  works  were  recommended  in  this  lake  operating  plan 
evaluation  study;  therefore,  no  cost  estimate  was  required.  However, 
a  major  study  concern  was  to  evaluate  the  potential  downstream  "losses" 
from  an  inadequate  water  supply  versus  the  added  upstream  damages  re¬ 
sulting  from  several  different  plans  of  lake  operation.  This  section 
contains  the  development  of  average  annual  high  water  damages  in  the 
Mississippi  River  Headwaters  Lakes  and  Aitkin  area,  based  on  actual 
past  operation,  compared  with  a  combined  high  and  low  water  damage 
analysis  by  computer  program  HEC-5  for  10  plans  of  operation.  This 
economic  analysis  is  essentially  the  same  as  the  stage  2  analysis  which 
used  the  HEC-5c  program. 

An  economic  analysis  of  the  Mississippi  River  Headwaters  Lakes 
operating  plans  was  developed  to  compare  lake  area  damages  with  pro¬ 
spective  gains  to  downstream  interests.  Economic  losses  in  each 
headwaters  lake  area  were  determined  by  either  a  field  survey  or 
through  extrapolation  of  field  survey  ana  other  available  data. 

Losses  in  the  downstream  Aitkin  area  were  derived  through  field  sur¬ 
vey  and  through  updating  observed  losses  from  recent  flood  events. 
Potential  gains  from  supplemental  low  flows  for  the  Twin  Cities  area 
were  derived  from  estimated  water  supply  values.  Additional  monetary 
gains  would  result  to  the  Twin  Cities  metropolitan  area  if  low-flow 
augmentation  for  water  quality  were  considered. 


F.levat ion-damage  curves  were  derived  for  each  of  the  six  head¬ 
waters  lakes  and  for  Aitkin  and  are  shown  on  plates  A-18  through  A-27. 
An  area  flooded  curve  for  the  Aitkin  agricultural  area  is  shown  on 
plate  A-28.  The  elevation— damage  curves  for  each  of  the  six  headwaters 
lakes  show  both  the  low  and  high  water  damage  relationships.  High 
water  damages  consist  of  flood  fight  or  preparedness  measures,  damage 
and  loss  of  personal  property,  and  cleanup  and  repair  for  both  resi¬ 
dential  and  commercial  units.  In  addition  to  the  above  damages, 
commercial  establishments  experience  a  decline  in  net  income  because 
of  the  high  water.  Loss  of  property  from  erosion  is  also  reflected  in 
the  curves. 
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Low  water  damages  consist  of  changes  in  net  income  to  commercial 
activities.  Some  of  these  losses  are  increased  expenditures  for  harbor 
maintenance ,  reduced  or  canceled  reservations  because  of  access  prob¬ 
lems  to  fishing  areas,  shortened  stays  because  of  poor  fishing,  and 
damaged  equipment  because  of  shallow  depths.  Private  landowners  also 
experience  increased  expenses  and  equipment  damages  from  1 owT  water. 

Low  water  damages  are  especially  severe  on  lakes  with  very  gradually 
sloping  bottoms. 


Detailed  damage  surveys  were  conducted  on  Pokegama  and  Sandy  Lakes 
and  in  the  Aitkin  area.  Damage  estimates  for  the  four  remaining  head¬ 
waters  lakes  were  made  without  detailed  surveys,  although  a  partial 
damage  survey  was  conducted  of  Leech  lake  and  adjoining  lakes.  The 
partial  survey  of  Leech  Lake  included  interviews  with  owners  of  ail 
commercial  properties.  A  resum  of  t  lie  damage  surveys  t  ol lows. 

Pokegama  Lake  Area.  -  Pokegama  Lake  area  properties  were  inventoried 
along  approximately  b()  miles  oi  shoreline  during  .June  1977.  Lach 
visible  unit  was  photographed ,  sighted  with  a  hand  level,  and  located 
on  a  L.S.  Geological  Survey  quadrangle  map.  Approximately  800  photo¬ 
graphs  were  taken  of  966  shoreline  units.  Residential  units  comprise 
896  of  the  units.  The  remaining  70  units  were  privately  owned,  belong¬ 
ing  to  IS  commercial  holdings  such  as  resorts. 

The  survey  was  supplemented  by  a  3-day  "open-house"  conducted  at 
Pokegama  Dam,  damage  interviews  conducted  at  a  Pokegama  Property  Owners 
Association  meeting,  and  results  of  a  questionnaire  mailed  out  by  the 
Pokegama  Property  Owners  Association  in  its  July  1977  newsletter. 

Sandy  Lake  Area.  -  Sandv  Lake  property  was  inventoried  in  a  manner 
similar  to  Pokegama  Lake.  The  survey  on  Sandy  Lake  was  conducted  along 
approximately  82  miles  of  shoreline  during  September  1977.  Knob 
visible  unit  was  photographed,  sighted  with  a  hand  level,  and  located 
on  a  U.S.  Geological  Survey  quadrangle  map  of  the  area.  Over  700 
photographs  wore  taken,  showing  904  private  and  12  resort /enmnere i ai 
units.  The  survey  was  supplemented  by  a  field  sample  survey  distributed 
to  approximately  130  property  owners  and  by  interviews  with  most  of 
the  owners  of  the  12  commercial  units. 
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Leech  Lake  Area.  -  In  June  1978  a  damage  survey  was  conducted  of  all 
commercial  establishments  on  all  lakes  affected  by  the  operation  of 
Leech  Lake  Dam.  During  the  survey,  107  property  owners  were  con¬ 
tacted,  which  represents  a  99-percent  sample.  Each  property  owner 
was  asked  to  describe  and  quantify  damages,  changes  in  operating  pro¬ 
cedures,  and  changes  in  net  income  resulting  from  the  5  July  1975  high 
water  and  the  1977  low  water.  Private  property  damages  on  Leech  and 
adjoining  lakes  were  estimated  as  described  in  the  following  paragraph 
for  Winnibigoshish,  Pine  River,  and  Gull  Lakes.  An  estimated  1,493 
private  properties  are  around  Leech  Lake  and  principal  connecting  bays. 

Winnibigoshish,  Pine  River,  and  Gull  Lakes.  -  Damage  estimates  for  the 
three  remaining  headwaters  lakes  were  made  without  field  surveys.  Esti¬ 
mates  were  based  on  the  number  of  property  units  around  each  lake  as 
shown  on  U.S.  Geological  Survey  quadrangle  sheets.  These  totals  were 
further  increased  by  28.5  units  per  year,  from  the  date  of  the  quadrangle 
sheet  to  date.  The  28.5-unit  annual  growth  rate  was  the  average  rate 
determined  for  Sandy  and  Pokegama  Lakes  from  the  year  of  their  quadrangle 
sheets  to  the  1977  field  survey.  The  number  of  commercial  units  for  each 
of  the  three  lakes  was  obtained  from  representatives  of  the  Mississippi 


River  Headwaters  Association.  Total 

commercial  and 

pr ivate  propert  i e 

on  these  three  lakes  are  as  follows: 

Number 

of  units 

Lake  area 

Private 

Commere i a  1 

W innibi goshish 

452 

1  f> 

Pine  River 

2,139 

88 

Gull 

1,480 

27 

Total 

4,071 

13! 
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Aitkin  Area.  -  Field  surveys  were  conducted  of  the  Aitkin  agricultural 
area  in  August  1977.  A  survey  sample  was  made  of  20  to  30  percent  of 
the  area  farmers.  Approximately  45  farm  units  and  33  other  rural  resi¬ 
dential  units  are  in  the  Aitkin  study  area.  No  economic  damage  field 
surveys  were  made  for  urban  Aitkin  because  sufficient  information  was 
available  from  prior  surveys.  About  200  homes  and  44  business  estab¬ 
lishments  are  subject  to  flood  damage  in  the  area  as  indicated  by  the 
1950  flood. 

Twin  Cities  Area.  -  No  field  surveys  were  necessary  in  the  Twin  Cities 
area  as  the  headwaters  lakes  are  located  too  far  upstream  to  have  any 
appreciable  effect  on  flood  stages  at  this  downstream  location.  esti¬ 
mates  of  low-flow  benefits  to  the  Twin  Cities  were  based  on  a  dollar 
value  per  cubic  foot  per  second  for  emergency  water  supply  or  for 
water  quality  control,  depending  on  the  alternative  plans  under 
evaluation. 


High  water  damages  were  developed  manually  for  each  of  the  six 
headwaters  lakes  and  the  Aitkin  area  as  described  below. 

Pokegama  Lake.  -  The  findings  of  the  Pokegama  damage  survey  are  as 
fol lows: 

a.  A  substantial  reduction  in  the  number  of  commercial  estab¬ 
lishments  has  irccurred  so  that  low  water  damages  (loss  of  business) 
will  be  minimal  (33  commercial  businesses  in  1962  versus  15  commercial 
businesses  in  1977). 

b.  Approximately  78  houses  will  receive  some  water  damage  from 
a  100-year  flood  (elevation  1278.2).  Approximately  8.6  percent  of 
the  residential  units  are  flooded  at  this  elevation. 


c •  Approximately  $200,000  in  flood  damage  (1  97  7  dollars)  would 
occur  to  buildings,  contents,  and  yard  facilities  at  the  100-year  flood 
elevation  of  1278.2. 

d.  Another  loss  from  high  water  and  winds  in  the  Pokegama  Lake 
area  results  from  shoreline  erosion.  This  problem  is  particularly 
severe  along  Stony  Point  and  the  southeast  arm  of  Wendigo  Bay.  The  cur¬ 
rent  average  annual  shoreline  erosion  loss  on  Pokegama  Lake  is  estimated 
at  $1,900. 


e.  In  general,  only  minor  damage  occurs  with  moderately  high 
water  except  where  high  water  is  coupled  with  high  winds.  The  principal 
damage  for  most  units,  at  100-year  flood  levels,  is  due  to  debris  cleanup 
time  and  effort. 

f.  In  summary,  average  annual  high  water  damage  on  Pokegama  |.„k. 
is  $53,600  in  October  1977  price  levels.  This  amount  includes  all 
physical  damage  to  property  from  high  water  levels,  such  as  repair  costs 
to  docks  and  shore  facilities  and  loss  of  business  to  commercial  units, 
and  $1,900  estimated  annual  shoreline  property  erosion  loss.  Aver  un 
annual  damages  are  developed  as  a  standard  method  of  comparison  f or  all 
Corps  of  Engineers  studies  and  are  derived  for  Pokegama  Lake  and  other 
lakes  by  summarizing  the  damage-frequency  probabilities  for  each  lake. 

Sandy  Lake.  -  The  findings  of  the  Sandy  Lake  damage  survey  are  as  follows 

a.  A  substantial  reduction  in  the  number  of  commercial  establish¬ 
ments  has  occurred  so  that  low  water  damages  (loss  (if  business)  will  he 
minimal  (23  commercial  units  in  1962  versus  12  commercial  units  in  i ' '  7  7  > . 
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b.  Approximately  79  homes  will  receive  some  damage  from  a  100- 
year  flood  (elevation  1223.9).  Approximately  8.6  percent  of  the 
residential  units  are  flooded  at  this  elevation. 

c.  At  the  1975  flood  elevation  of  1222.1,  approximately  $139,000 
damage  would  occur  from  damages  to  buildings  and  contents  and  from 
cleanup  costs. 

d.  The  estimated  average  annual  high  water  loss  in  Sandy  fake 
area  shoreline  value  due  to  current  erosion  is  $41,800. 

e.  In  summary,  average  annual  high  water  damage  on  Sandy  Lake 
is  $92,300  in  October  1977  price  levels.  This  amount  includes  all 
physical  damage  to  property  from  high  water  levels,  such  as  repair  cost  s 
to  docks  and  shore  facilities  and  loss  of  business  to  commercial  units, 
and  $41,800  estimated  annual  shoreline  property  erosion  loss. 

Winnibigoshish,  Leech,  Pine  River,  and  Gull  Lakes.  -  Flood  damage 
estimates  for  each  of  the  four  remaining  lakes  were  made  using  the  total 
number  of  units. 

a.  An  elevation-damage  relationship  was  first  established  for 
Pokegama  and  Sandy  Lakes  using  a  previously  developed  elcvat  ion-fr<  ;uencv 
curve  and  three  elevations  as  plotting  points  for  each  lake  as  foil  'vs: 
(1)  zero  damage,  (2)  1975  spring  high  water,  and  (3)  1  965  high  w.it.  r  on 
Sandy  Lake  and  1975  summer  high  water  on  Pokegama  Lake.  Damages  per 
residential  unit  for  Pokegama  Lake  were  then  derived  from  the  dev.  loped 
elevation-damage  curve  for  a  100-year  flood.  The  100-year  average  unit 
damages  wore  then  applied  to  the  total  units  previously  determined  for 
the  remaining  four  lakes.  The  total  100-year  damages  thus  developed  wer< 
used  to  establish  a  damage- f requenev  curve  for  each  lake  which  also 
included  the  Items  listed  in  b.  through  <i .  below. 
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b.  Damages  to  commercial  property  were  established  in  the  same 
manner  as  those  for  residential  property  as  described  in  item  a,  except 
those  for  Leech  Lake.  A  damage  survey  of  107  commercial  properties 
on  Leech  Lake  and  connecting  flowages  was  conducted  in  June  1978. 

This  information  was  used  to  develop  both  high  and  low  water  commercial 
damages  for  the  lake.  The  type  of  damage  sustained  by  those  interviewed 
is  as  follows: 

Number  of  commercial 

property  owners  interviewed  Type  of  damage  reported 


14  High  water  damage  only 

23  Low  water  damage  only 

52  Both  high  and  low  water  damage 

18  No  damage 

107 

c.  Facility  and  structural  damage  for  each  of  the  four  lakes 

was  estimated  based  on  per  unit  facility  and  structural  damages  developed 
for  Sandy  Lake.  The  development  around  Sandy  Lake  is  more  like  that  of  the 
other  four  lakes  than  that  around  Pokegama  Lake  which  is  primarily  year- 
round  residential. 

d.  Cleanup  damages  at  each  of  the  four  lakes  were  based  on 
cleanup  damages  for  Pokegama  Lake,  which  has  similar  water  quality,  as 
opposed  to  Sandy  Lake  water  which  is  high  in  sediment,  color,  and  iron 
content . 

e.  Public  damages  (damage  to  roads  and  other  pub ’ ic  facilities) 
were  estimated  at  7  percent  of  calculated  damages  for  each  of  the  font- 
lakes.  (Public  damages  were  not  obtained  for  Pokegama  Lake  and  were  also 
estimated  at  7  percent.)  Sandy  Lake  public  damages  were  13.6  percent  of 
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calculated  damages,  but  are  exceptionally  high  because  Sandy  Lake  ha 
so  many  islands  with  low  access  and  easily  damaged  roadways.  The 
7-percent  figure  was  considered  more  realistic  for  the  other  five 
headwaters  lakes. 

f.  Average  annual  current  losses  from  shoreline  erosion  for 
the  four  lakes  are  as  follows: 

Lake 

Winnib igoshish 
Leech 

Pine  River 
Gull 

These  current  losses  are  included  in  the  average  annual  damage  esti¬ 
mates  for  each  lake. 

g.  Average  annual  damages  developed  from  the  area  under  the 
damage-frequency  curve  for  each  of  the  four  lakes  are  shown  below  :n 
October  1977  price  levels. 

Lake 

Winnib igoshish 
Leech 

Pine  River 
Gull 

These  figures  include  estimated  values  of  current  annual  shoreline 
property  losses.  Damage-frequency  curves  for  each  of  the  six  Missis 
sippi  River  Headwaters  Lakes  are  shown  on  plates  A-29  through  A-34. 


Estimated  annual  erosion  loss 

$6,800 

7,600 

2,800 

400 
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Aitkin  Area.  -  Preliminary  findings  of  this  survey  are  as  foil 


a.  Rural  Aitkin.  - 

1.  The  agricultural  community  is  a  livestock  area 
to  merely  a  crop-producing  area.  Early  spring  flooding  is  def 
to  the  livestock  operations  of  most  farms. 

2.  Fairly  low  flows  will  flood  some  agricultural  ! 

3.  The  1975  (13-year  frequency)  flood  reduced  son- 
incomes  by  as  much  as  one-third. 

4.  Rural  Aitkin  average  annual  damage  totals  ar. 

Category  Average  annual  d  ir.a .:a- > 


Crops 

$93,900 

Other 

5 9, a 00 

Rural  nonfarm 

14, 700 

Total 

163,000 

b.  Urban  Aitkin.  -  Nearly  200  homes  and  44  husin<  -<  • 
were  flooded  in  1950  with  a  resulting  $180,000  in  tio-ad  daf 
flood  caused  1-foot  higher  levels  in  Aitkin  than  a  100-vuar  - 
Damages  to  urban  Aitkin  were  $112,000  in  1965,  which  was  a:.' 
flood  occurrence.  In  summary,  average  annual  da-mutes  ar«  — : 
approximately  $34,lu0  and  assume  that  no  flood  prate,  ti  n  ; r 
hy  the  existing  emergency  levee  constructed  bv  the  St.  Paul  ’’i 
in  1969.  The  $34,  100  in  average  annual  damages  occurs  in  --ri' 
Aitkin  flood  control  diversion  channel  const  rue  t  ed  bv  :  h«-  s  •  . 
District  in  1957. 


Summary  of  High  Water  Damages.  -  Average  annual  damages  for  each  of  tae 
lakes  would  he  a  monetary  benefit  if  they  could  be  prevented  through 
another  means  of  operation.  A  comparison  of  the  existing  average  annual 
high  \  :-,-r  lamages  experienced  in  the  six  headwaters  lakes  and  the  Aitki 
area  *  -  -is  follows: 


Headwaters  lakes  and  Aitkin  area,  average  annual  high  water  damages 

Average  annual  damages 
(October  1977 

Area  price  levels) 

Headwaters  lakes 


(1)  Headwaters  lakes  damages  upstream  of  Aitkin  (first  four  lakes 
only)  are  $278,400. 

(2)  Includes  damages  to  structures,  building  contents,  and  roads 
and  other  public  facilities;  cleanup  costs;  and  loss  of  business  for 
commercial  units. 

(3)  Assumes  the  existing  emergency  dike  provides  no  protection 
from  floods. 

(4)  This  category  of  damages  includes  all  losses  sustained  by  farm 
operators,  except  crop  damages.  Other  types  of  agricultural  damages 
include  loss  of  production  and  damages  to  barns  and  other  structures, 
livestock,  machinery  and  equipment,  stored  crops,  wells,  fences,  priv.it 
roads  and  driveways,  and  other  improvements. 
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A  summary  of  current  Aitkin  area  flood  damages  with  respect  to 


stage  at  the 

Aitkin  gage  (river  mile 

1056.0)  is  shown 

in  the  following 

tab  1 e . 

Stage*' "  ^ 

Aitkin  area 

Urban 

,  (D 

damages 

Rura  1 

lieut) 

Aitkin 

Asgr  icul  Lira  1 

property 

11.0 

$10,000 

$20,000 

12.0 

20,000 

55,000 

13.0 

33,000 

100,000 

L4 . 0 

50 , 000 

180,000 

15.0 

60 , 000 

5  30,000 

$16,000 

lto.0 

80,000 

330,000 

44,000 

17.0 

1 00,000 

740,000 

100,000 

IS  .0 

L20, 000 

940,000 

1 40,000 

1  9 . 0 

1 70,000 

1  ,  140.000 

1 6  5 , 000 

20.0 

300,000 

1,  340,000 

1 75,000 

2  1.0 

450,000 

1  .  540,000 

180,000 

(  l)  All 

damages  are  in  October 

1977  price  levels 

(2)  Cage  zero  =  1182.41  ms],  1929  adjustment. 

Comments  or  conclusions  concerning  the  existing  plan  of  operation 
tables  previously  presented  follow: 

a.  Flood  danun.es  at  Aitkin  and  on  the  six  Mississippi  River  Head¬ 
waters  Lakes  are  significant. 

b.  A  comparison  of  high  water  damages  in  the  Aitkin  area  with 
damages  in  the  four  upper  headwaters  lakes  area  indicates  that  under  cur¬ 
rent  conditions  both  areas  are  damaged  significantly  on  an  average  annual 
basis.  The  average  annual  high  water  damages  for  the  four  lakes  located 
upstream  from  the  Aitkin  area  are  $278,400  compared  to  $202,100  for  the 
Aitkin  area.  These  damages  are  for  the  current  plan  of  operation. 


i'.  Average  annual  damages  for  the  Aitkin  area  are  about  $7f>,()00 
less  than  for  the  four  upstream  headwaters  lakes.  Average  annual  Aitkin 
area  flood  damages  are  derived  using  plates  A-35  through  A-37. 

d.  Flooding  at  Aitkin  results  from  the  uncontrolled  area  located 
downstream  of  the  headwaters  lakes  and  upstream  from  Aitkin.  For 
example,  95  percent  of  the  initial  1975  flood  peak  at  Aitkin  resulted 
from  the  drainage  area  located  downstream  of  Pokegama  and  Sandy  l.akc-s 
dams. 


e.  For  planning  purposes,  no  benefits  were  claimed  for  the  Aitkin 
urban  area  emergency  levee.  However,  this  levee  could  possibly  protect 
urban  Aitkin  to  the  100-year  flood  level  with  additional  emergency  work 


and  pumping  fa 

c  i  1  it ies  . 

If  that 

Vi' 

re  the  case. 

the 

$34,100  i 

annual  damages 

would  be 

reduced 

by 

$29,600  for 

t  Ik 

Aitkin  are 

fits  were  claimed  for  the  emergency  levee. 

f.  Current  average  annual  shoreline  erosion  losses  on  the  four 
headwaters  lakes  upstream  from  Aitkin  were  included  in  the  previous 
tabulations.  These  potential  erosion  losses  currently  are  estimated 
at  $58,100  annually.  Erosion  losses  are  not  well  documented  in  terms 
of  shoreline  lengths  and  loss  in  depth  per  year.  However,  tin-  erosion, 
loss  figures  referred  to  in  this  section  were  developed  in  connection 
with  problem  2,  hank  erosion  control  on  the  headwaters  lakes.  Erosion 
losses  in  that  section  were  considered  under  three  categories:  (1) 
current  erosion,  (2)  potential  erosion  to  developed  or  potentially 
developable  properties,  and  (3)  potential  erosion  to  .ill  shoreline 
properties  (all  lands  with  onshore  slopes  greater  than  5  percent).  Tin- 
annual  erosion  loss  values  referred  to  earlier  are  those  developed  for 
category  ( I ) . 

Erosion  damages  for  each  lake  were  derived  using  an  erosion  index 
value  system  developed  for  hake  Winn ib i goshi sh  by  the  F.S.  Forest 
Service  in  1972  and  applying  this  system  to  each  of  the  six  headwaters 
lakes.  The  index  svstem  provides  fot  increased  erosion  loss  values  with 
each  parallel  increase  in  lake  levels.  The  index  system  is  used  with 
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present  dollar  loss  values,  feet  of  erodible  shoreline,  and  elevation- 
frequency  curves  for  each  lake  to  derive  erosion  losses  for  each  lake. 
These  erosion  losses  are  included  in  the  damage-frequency  curves  on 
plates  A-29  through  A-34.  The  dollar  loss  values  per  foot  of  shore¬ 
line,  present  feet  of  erodible  shoreline,  and  elevation-frequency  curves 
for  each  lake  are  also  used  in  the  problem  2  section  of  this  report, 
and  are  presented  in  more  detail  in  that  section. 

Lo v  Water  Damage 

By  definition,  the  low  water  damages  for  the  six  headwaters  lakes 
occur  during  the  May-September  recreation  season.  These  low  water  losses 
result  from  changes  in  net.  income  to  commercial  interests. 

The  low  water  damages  represented  on  e 1 evat ion-damage  curves  for 
the  six  headwaters  lakes  are  a  gross  estimate  of  a  single  event;  i.e., 
short-term  low  water.  A  permanent  change  in  operating  plan  (return  to 
natural  conditions)  would  actually  result  in  a  changed  base  condition, 
these  changes  would  consist  of  one-time  losses  and  gains  to  the  exist¬ 
ing  properties,  future  income  stream  of  commercial  properties,  potential 
damages  to  new  development,  and  success  of  property  owner  adjustment  ti¬ 
the  new  water  level  fluctuation.  It  is  impossible  to  more  accurately 
issess  the  actual  damages  witli  a  change  in  operating  plan  to  natural 
conditions  (without  dams)  without  first  conducting  a  detailed  review 
of  existing  development  on  each,  lake  in  relation  to  current  lake  bottom 
ion tours . 

Increased  water  releases  from  the  six  headwaters  lakes  oaring 
low-flow  periods  would  produce  increased  low  water  lake  damages  over 
those  that  would  occur  with  the  present  plan  of  lake  operation.  A  low 
water  damage  relationship  with  elevation  for  each  of  tin  lakes  is  shown  on 
plates  A- 1 8  through  A-2'3.  The  low  water  damages  experienced  for  a 
particular  plan  of  lake  operation  can  he  derived  from  these  curves  and 


compared  with  tho  benefits  of  the  plan  of  flow  reLease  to  downstream 
interests,  in  particular  the  cities  of  Minneapolis  and  St.  l’aul.  For 
example,  a  preliminary  low-flow  plan  for  emergency  lwin  Cities  area 
water  supply  would  maintain  (lows  at  Anoka  above  1,600  cl s.  economic 
bene!  iL  values  assigned  to  the  plan  were  based  on  $'385  lor  every  cubic 
toot  per  second  that  must  be  supplemented  to  maintain  the  desired 
1, 600-el's  flow.  The  $385  per  cfs  is  equivalent  to  $0.60  per  1,000 
gallons,  the  consumer  cost  of  Minneapolis  water  supplied  to  customers 
outs ide  the  city. 

A  higher  release  low-flow  plan  lor  maintaining,  water  quality  in 
the  Twin  Cities  could  also  provide  economic  benefits.  If  7-dav,  10- 
year  low  flows  at  St.  Paul  could  be  increased  from  1,400  els  to 
4,000  cfs,  the  annual  tertiary  waste  treatment  costs  could  be  re¬ 
duced  by  $12,500,000.  The  value  of  every  cfs  required  to  increase  the 
7-day,  10-year  low  flow  from  1,400  els  to  4,000  cfs  is  $8,250.  The 
el  fonts  of  this  type  of  operating  plan  were  evaluated  in  tho  third  ph.i" 
of  the  study  (4,800  els  at  Anoka  for  the  year  2015  to  provide  4,000  cis 
at  St.  Paul).  It  was  not  possible  to  provide  the  annual  a, 800  cfs  ! low 
at  Anoka  witli  headwaters  lakes  releases.  Water  shortages  would  occur 
in  187  months  (35  percent)  of  the  total  period  of  record  at  Anoka. 

Additional  benefits  to  14  existing  hydroelectric  plants  on  tin.1  Mis 
slssippi  River  between  the  six  headwaters  lakes  and  the  Iwin  Cities 
could  result  I  roin  higher  sustained  1  lows.  The  Federal  Fnergy  Re/ulutcr 
Commission  (FFRC)  has  developed  a  program  that  can  compare  hvdroeloct  r  i 
belief  its  for  different  sustained  I  lows  at  spec  i  1  ic  control  points.  No 
attempt  was  made  to  use  the  FF.KC  program  in  this  study  to  determine 
added  hydropower  benefits  attributable  to  tile  low  I  low  release  plan. 

2,  5,  and  6.  Copies  ol  the  ilFC-5  input  data  required  by  FI.RC  te  use 
the  program  veto  not  available  in  time.  the  FFRC  program  could  be 
used  in  the  I  lit  ure,  it  desired. 
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The  summary  of  average  annual  low  water  damages  for  each  of  the 
six  headwaters  lakes  was  prepared  manually  in  connection  with  the  HEC- 
5c  computer  study  in  stage  2  and  with  the  Expected  Annual  Damage  program 
in  stage  3.  Both  high  and  low  water  damages  were  evaluated  by  means  of  the 
HEC-5  computer  analysis  for  the  headwaters  lake  operating  plans.  These 
high  and  low  water  damages  were  developed  for  the  period  1930-1976. 


Final  Results 

The  following  products  resulted  from  the  stage  3  study  and  are  in¬ 
cluded  in  the  June  1982  contractors  report. 

a.  Plots  of  both  low  and  high  stage-frequency  curves  for  each 

of  the  six  headwaters  lakes  for  the  period  1930  to  1976  for  each  operat¬ 
ing  plan  investigated.  The  curves  were  developed  for  the  recreation  season 
I  May  to  30  September. 

b.  Plots  of  high-flow  frequency  curves  at  Aitkin  and  plots  >!  1  v- 

flow  frequency  curves  at  the  Anoka  gage  for  the  period  1  (i  id-  1  u  ,"(■> .  •  r 

each  of  the  plans  investigated.  The  curves  were  developed  :.i  t'u 
reation  season  I  May  to  30  September. 

c .  Plots  o I  operating  plan  el  t  ei  t  s  at  the  Ait  1  in  i :  \ 

and  at  each  of  the  six  headwaters  lakes  t  or  the  per  h  i 

each  ot  the  plans  investigated. 

d.  Annual  maximum  and  minimum  data  t  ables  r  oi  \  i  ;  i-  .  ,, 

each  of  the  six  headwaters  lakes  for  each  plan  invest  i  it.  .  •  •  •  . 

to  1976  period  of  record. 

e.  Summaries  of  average  annual  damages  a  t  each  •  tin  si-  :,i  , 
waters  lakes,  at  Aitkin,  and  the  Anoka  gage  for  the  oj-etat  in,  -  1  • 
evaluated.  (Damages  and  benefits  were  developed  at  6  V  h-  pet .  rt.t  in¬ 
terest  and  Oc toiler  1  977  price  levels.) 
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Sample  plots  of  items  a,  c,  and  d  for  the  present  plan  of  operation 
(plan  1)  as  described  above  are  included  at  the  end  of  appendix  A 
(see  plates  A- 38  to  A-60) . 

It  was  intended  to  evaluate  10  separate  operating  plans  for  the 
six  Mississippi  River  Headwaters  Lakes  at  the  start  of  the  stage  2  and 
stage  3  studies.  iiowever,  as  the  study  progressed,  it  was  determined 
that  plans  6  and  7  were  identical  and  that  plan  10  could  not  be  eval¬ 
uated  with  the  HEC-5  program  because  of  the  Mississippi  River  back¬ 
water  conditions  that  affect  the  Sandy  Lake  outlet.  Therefore,  the 
data  plots  mentioned  above  are  for  only  eight  plans. 

Summary  Tables 

The  following  summary  tables  were  prepared  as  the  result  ol  the 
HEC-5  computer  work  by  ANCO.  As  stated  earlier,  the  complete  work  is 
described  in  the  contractor's  June  1982  report. 
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I’Iau  3  Plan  fc  -  1’lau  S  Plan 
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The  following  summary  table  is  included  so  the  AN  Cl)  results  can  be 


conveniently  compared  with  the  earlier  findings  ol  the  SAFHI.  study. 


Operating  plan 

comparison  - 

Plan  1  - 
(present 

average  annual  high  and  low 
Operating,  plan  (1977 
Plan  2  -  Plan  3  - 

(water  (Hood 

water  losses 
prices) 

Plan  4  - 

(  na t  u ra  1 

Area  or  location 

conditions) 

supp  1  v) 

cont  ro 1 ) 

rnnd i t ions 

Headwaters  lakes 

Winnibigoshish 

$13, 700 

$20,600 

$7  1,400 

390, 1 00 

Leec  h 

8  2, 300 

77,100 

1  76,400 

4 4 2,300 

Pokegama 

27,800 

33,000 

12,700 

36,400 

Sandy 

31 , 500 

3 1 , 500 

1  18,  700 

— 

Pine  River 

22,900 

22,900 

22,900 

til  s,  .St),) 

Cull 

142,700 

1  42,  700 

1 42,700 

.  ■  1 8  ,  i  ii  ] 

Total  headwaters 

lakes  120,900 

Four  upstream  lakes 

327,800 

386,800 

1 , 70t  , non 

(W  innib  igosbish. 

Leech,  Pokegama, 

and  Sandy) 

155, 300 

1 62, 200 

421 , 200 

38  u  ,  ■  100 

Aitkin 

278,600 

278,600 

2  1  6,80(1 

fgt  ,  V  H  1 

Aitkin  plus  six 

headwaters  lakes 

599, 300 

606,400 

NO  ),  bOO 

2 ,  i  ;<>.  i  oo 

Anoka 

5, 189,900 

6  it),  400*  1  * 

,,  707 , 200 

3,8  '<  •  .3 di) 

iota  1 

3,789,400 

1  ,  2  16,800 

4, 31 0,800 

M  ,  0.‘u,  n, 

(i)  Slum  111  be  zero .  No  water  shortage  mo  iirrn!  at  Anolu  ami::  t  !u 
test  ini’,  period  ot  the  study.  However,  when  product  ion  runs  vein  ado. 
a  si  iulit  problem  occurred.  1  he  problem  was  cor  roc  t  ed  HI  t :  but  i  . 
correction  was  made  too  late  in  the  study  to  rerun  plan-.  .,  a;d  . 


a -<>/ 


Operating  plan  comparison  -  average  annual  high  ami  low  water  losses  (omu  i 

Opera  tins’,  plan  (1977  prices) 


Area  or  location 

Plan  5  - 

(2275-cfs 
f  low  j>  lan) 

Plan  6  - 

(4800- el s 

t  low  plan) 

Plan  8  - 
( m  i  n  imuin 

lake  damage) 

Plan  9  - 
(  c.  Miser  V.i  l 

plan  ) 

Headwaters  lakes 

W  innib igoshish 

$32,000 

$48,000 

$10,900 

i  a  ,8  00 

Leec  h 

1 51,600 

162, 500 

76,800 

31 , non 

Pokegama 

o 

O 

O 

X 

5 1 , 500 

5,  100 

JU , woo 

Sandy 

o 

c 

m 

C"\ 

J !  ,  500 

2 7 , 200 

j  1  .  )l|!l 

Pine  River 

22,900 

22,900 

1 5, 300 

jj  ,  m  M  i 

(ail  1 

142, 700 

142, 700 

GC 

1  .,2,  70u 

Total  headwaters 

lakes 

418, 700 

461,1 00 

222, 600 

29  2 . 80.  | 

Four  upstream  lakes 
(W innib igoshish, 

Leech,  Pokegama, 

and  Sandy) 

o 

o 

IT' 

295, 300 

1 20,000 

! 2, , 200 

Aitkin 

278,600 

277, 700 

417,600 

’8  ( ,  Ion 

Aitkin  plus  six 

headwaters  lakes 

69  7,  100 

7  18,800 

(.40,  200 

37  5,  oil!  i 

A  no  ka 

6,493,400 

109,7  10,4  00 

1,2  17,  100 

2,967 , 30o 

l  ot  a  1 

7,9  il , 300 

110,469,200 

1,877 , 500 

i ,  3  >8,  ..ii  1 

Plan  7  was  identical  to  plan  6. 

Plan  10  -  HKC  program  not  capable  o:  running  the  plan. 
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Hva  lua t  ion 

SAFHL  '  s  stage  2  results  and  ANCO '  s  s  t  ag  e  3  results  l  or  the  l  irsl 
tour  operating  plans  compare  well,  considering  all  the  dill  unities 
SAFHL  had  with  the  earlier  11KC-  5c  program  analvsis.  (General  Iv  speak¬ 
ing,  AN CO  results  illustrate  approximately  25  percent  less  da.  tapes 
at  the  six  headwaters  lakes  and  8  percent  less  damage  at  Aitkin  than 
do  the  SAFHL  results.  However,  even  more  interesting  is  the  tact  that 
both  the  ANCO  and  SAFHL  results  show  less  damage  than  actual  1 v  observed 
tor  the  present  operating  plan.  This  difierence  between  actual  condi- 
l ions  and  the  computer-simulated  present  operating  plan  is  probably 
due  to  the  following  main  l actors: 

1.  The  dill  iculty  in  simulating  actual  conditions  exact  1 v . 

2.  The  tlilt  iculty  in  assessing  lias  in  conditions  during  actual 
operations  (erroneous  gage  readings,  effects  of  wind  and  rain,  etc.) 

3.  The  inability  of  the  operator  to  predict  tuture  conditions 
in  advance. 

4.  ANCO  and  SAFHL  operating  runs  used  Lake  W inn ib i gosh ish  desirable 
summer  levels  (9.0  to  9.5-loot  stage)  lor  the  evaluated  period  of  record, 
whereas  actual  Lake  Winnibigoshish  desirable  summer  levels  before  1973  were 
1  toot  higher  (at  the  10.0  to  10.5-toot  stage). 


Flan  7  (hydropower)  and  plan  10  (Sandv  Lake)  weft  in.it  studio.:  usm 
lii-'.C—  3.  Plan  7  was  considered  identical  to  plan  t>  (  3,S()0-cl  s  low-'  low- 
plan)  and  the  goals  ol  this  plan  could  not  be  net  a  real  ,:eal  ol  tin 
tine  bv  releases  I  rum  the  six  headwaters  lakes.  Flan  li*  involved  a 


I  lood  control  operation  spec  it  icol 
program  could  not  evaluate. 

1  lie  above  analvsis  shows  that 
areas  are  as  i  ■  II ows : 

A  rea 

S  i  headwaters  lakes 

A i t  k i n  area 

Anoka 

Six  headwaters  lake-,  plus  Aitkin 


lv  tor  Sandv  Lake,  which  the  Hill-  > 


the  best  overall  plans  ter  i  n.l  i  \  iiiua  1 


lies  t  p  1  an 


in 

•>  - 

!'!  IP)  "'ll’', 

1  ,ikf 

i  n 

> 

;  .  i 

Mil  V  ■'  1 

in  < 

,,Min  , 

Sm  1  H-, 

in  ‘ 

»  - 

•  I'lTdi’  .  ■ 

1 1  i.-: 

A— by 


Although  plan  1  (present  conditions)  does  not  appear  a.  t 


plan  lor  any  simple  area,  it  attempts  to  consider  all  interest-,  and 
therefore  benet  its  all  areas  without  causing  extreme  har-'.slt  i  ns  to  a: 
one  spec  it  ic  area. 


Also,  it  should  be  emphasized  that  the  preceding  table  ,  •  t  res 
t  load  and  loss  ol  business  damages  tor  the  six  Mississippi  Rivet  he  a 
waters  areas  and  Aitkin,  with  potential  water  supply  benet  its  t  -  the 
Cities  at  Anoka.  1  he  table  does  not  include  numerical  losses  t.  si 
1  it  e  or  wild  rice  crops  in  Lite  six  headwaters  lakes,  nor  does  it  in¬ 
potential  benefits  to  pollution  abatement  .as  discussed  under  "Lev. -V.'a  ! 
Damuc.e"  in  titis  appendix. 


It  is  interesting,  to  note  that  the  present  plan  tplaa  1)  and  the 
L,hO()-cts  low- flow  plan  (plan  2)  are  almost  equal  in  -.iamac.es  in  the 
headwa  tors  lakes  (320,900  vs.  127,000).  And  althouch  plan  h  is  best 
for  the  six  headwaters  lakes  ($222,600) .  it  would  area t 1 \  increase 


Aitkin  average  -uttmal  damac.es  from  $2/8, M)0  -it  present  t- 


*17,  hi  l() . 


Opera  t  i  nr.  for  plan  j,  I  Loud  control  at  Aitkin,  wen!-:  resuit  in  a  siniia: 
hardship  lor  the  six  headwaters  lakes,  causine  annual  dan.te  t  here 
to  rise  I  rout  $  320, 900  to  $S8b,8()0.  The  4,800-ets  low  :  1 ->w  i  in  (plan  *-> ) 
would  liave  significant  potential  water  supply  til  needed)  bene!  its  it 
Anoka,  but  te  the  detriment  , > t  the  six  headwaters  lakes.  Aver  i  e  annua! 
damar.e  in  the  six  lakes  could  increase  t  rom  $120,900  t--  $-*  h  1  , 000 ,  ait  he-; 
Aitkin  would  receive  a  si  ie.hl  henel  it  I  run  I  loud  cent  re  I  . 


i  Tie  main  problem  with  plan  h  is  th.it  Litis  plan  is  not  tu  e-tec 
meet  est  incited  year  201  >  low  !  low  water  supply  n  qu  i  t  enetil  s  in  t  hi 


C  l  t  i  es  . 


te  l.tiOO-cls  plan  (pi. in  .1)  wouKl  sui  1  ice.  i  In  ,  800-c  t  s  r  la:i 


c-iuld  he  used  in  an  attempt  to  avoid  tell  i.irr  t  le.it  ci’it  -  est 


■M  ".it!,' 


politan  area  waste  disposal.  In  laet,  plan  b  --uil-i  net  meet  l  :  i  i  •  ■  t 
mellt  at  Auei  a  .  ‘2  ltd  .iterr.i  es  weuld  e.-eur  at  Anek.i  ler  lb/  •  n  t  ! : 


■  ervi  at  .  ■  •  t  ii,  t  •  f  i  1 


•b  .  ctl  Its  el 


initial  t  eti  )  '  •  ■  t  Is 


re  I  e.tse  it 


•it; > t  .  Vierta’e  ;  wen  l-l  ecettr  ttt  months  ->! 


19  1(1  and  1  9  7 h  ex.  e  nt  1  ‘ .  d  ,  1  19.',<>,  19,.’,  |  9  Vt  ,  1  ’ »  .' ,  1''.  ,,  as,; 
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IMan  5  (2, 275-ci  s  minimum  at  Anoka)  also  ''.ala 
Limes  during  the  IS  10  to  1976  period.  Shortages  w.-u 
out  564  months,  or  almost  7  percent  ot  the  t  if;*  . 
would  occur  in  the  year  19  10,  1912,  19  jj,  1 4  j.,,  a' 
1940,  1976. 

According  to  the?  AN  CO  study,  plan  2  (1,600-,;. 
provide  the  required  releases  durin.  the  cut  it  «  i 

The  conservation  plan,  in  contrast,  won  in  s,. 
in  the  headwaters  grouping  (actually  at  U-o  !..iA  . 

damages  would  decline  from  S")  20, 900  t<>  5  29.:,  m 
would  increase  slightly  from  $278,600  to  >  2  : 

at  Anoka  would  increase  by  $227,400. 

Summary 

No  benel  it-cost  ratio  analysis  is  uppropi  :  it.  • 
ever,  an  analysis  of  upstream  damages  or  pot,  a:  i  . 
at  Anoka  provides  a  good  comparison  ot  a  I t .  > .  . :  :  , 

With  regard  to  the  tables  on  the  pi  e.  <  ..  i 
and  stage  i  summary  analyses,  it  is  cl,  o  :> 
point  that  a  t nan ge  in  operation  eon  la  h, 
a  1,600-cfs  minimum  flow  at  Anoka  at  i !  ,  t  i 
suits  show  that  1, 600-cls  could  he  aiut  da 
•'./-year  period  of  record  throu  h  sap  pic  ■  .  at  a  a 
Leech,  and  I’okegama  Lakes.  Avcr.i  e  annual  i-. 
only  $7,000  total;  Aitkin  would  not  L,  ui'<  t.  ..  . 

(Twin  Cities)  lor  water  supplv  would  in. i .  i  . 
over  the  current  operation  plan.  Mow. as  t,  : 

and  political  consequences  ot  adopt  i.ia  t  ;  ac  i 
are  considered,  the  economi.  ,ir 


! 
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PLATE  SUMMARY 


Number 

A- 1 

A- 2  - 
A- 7 

A- 8 

A- 9  - 
A- 14 

A- 15  - 
A- 16 

A- 1  7 

A- 18  - 
A- 2  3 

A- 24  - 
A- 2  7 

A-  2  S 

A- 29  - 
A- 3  4 

A- 3  5 

A- 36 

A- 3  7 

A-  58  - 
A-M) 


Item 

General  map. 

Reservoirs  at  headwaters  -  six  site  location  maps. 

Original  area  curves. 

Area-capacity  curves  (six). 

Tentative  guide  curves. 

Aitkin  rating  curve, 

El evat ion-damage  curves  -  six  headwaters  lakes. 

Aitkin  area  damages. 

Aitkin  agricultural  area  flooded. 

Damage-frequency  curves  for  six  headwaters  lakes. 

Average  annual  damage  -  urban  Aitkin. 

Average  annual  damage  -  Aitkin  area  rural  property. 

Average  annual  area  flooded  -  Aitkin  agricultural. 
Plan  1,  time  series  data  plots  and  data  tables. 
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Plate  A-3 


C08PS  OP  ENGINEERS 


Plate  A*4 


ORPS  OF  ENGINEERS 
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MISSISSIPPI  RIVER  HEADWATER  LAKES 
ORIGINAL  SURFACE  AREA  CURVES 

(RETRACED  FROM  JULY  1945  CURVES  i 


WATER  SURFAT"  ACRES  IN  THOUSANDS 


SURFACE  AREA  IN  ACRES  (  1000’S) 
160  140  120  100 
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PLATE  A- 10 


CAPAQTr  IN  THOUSANDS  OF  ACRE  FEET 


SURfACE  AREA  IN  ACRE'S  HOOTS) 


SURFACE  AREA  IN  ACRES  (1000’ 


CAPACITY  IN  THOUSANDS  OF  ACRE  FEET 


ACRE’S  (1000’S) 


l<0  ISO  I^O  ZOO  ,  RE*  JULY  1981 

CAPACITY  IN  THOUSANDS  OF  ACRE  FEET  !  !  j  !  JAN.  1979 


SURFACE  AREA  |N  ACRES  (l000‘) 


ELEVATION  -  1929  ADJ.  -  POKEGAMA  RESERVOIR 
3  DAYS  TRAVEL  TIME  TO  AITKIN 


1277.00 


1276.00 


1275.00 


1274.00 


V217.0O  1218.00  1219.00  1220.00  1221.00 

ELEVATION  -  1929  ADJ.  -  SANDY  LAKE  RESERVOIR 
1  DAY  TRAVEL  TIME  TO  AITKIN 


NOTE: 

Curve  shows  relation  between  maximum  reservoir 
stages  and  corresponding  peak  flood  stage  on 
the  Mississippi  River  at  Aitkin  which,  under  oper¬ 
ating  procedures  now  in  effect,  will  result  (on 
the  average)  in  the  minimum  total  flood  damages 
to  affected  interests  in  the  three  principal 
damage  areas. 


NAVIGATION  AND  FLOOD  CONTROL 
MISSISSIPPI  RIVER,  MINNESOTA 
HEADWATERS  DAMS  AND  RESERVOIRS 
MASTER 

RESERVOIR  REGULATION  MANUAL 
TENTATIVE  GUIDE  CURVE 
SPRING  FLOODS  (MAR  -15  MAY) 
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Plate  A-15 
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PLATE  A- 19 
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PLATE  A-21 


DAMAGF  IN  1000'*  DOLLARS 


PINE  LAKE 

ELEVATION  DAMAGE  CURVE 
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PLATE  A-22 


300  400  500  600  700  800 

DAMAGE  IN  1000s  DOLLARS 


DAMAGES  IN  THOUSANDS  OF  DOLLARS 
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ELEVATION  DAMAGE  CURVE 
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PLATE  A-M 


THOUSANDS  OF  ACRES 


EXCE£Dc.f\iCc  rRcQUE.\CY  i,\  PcRCc* 


AVERAGE  ANNUAL  DAMAGES  ARE  EQUAL 
TO  AREA  UNDER  THE  CURVE  AND  ARE 


EXCEEDENCE  FREQUENCY  IN  PERCENT 


MISSISSIPPI  RIVER  HEADWATERS  STUDY 
STAGE- FREQUENCY  ANALYSIS 

HIGH  WATER  FREQUENCY- DAMAGE 
PINE  RIVER  LAKES 

ST.  PAUL  DISTRICT  CORPS  OF  ENGINEERS 


AVERAGE  ANNUAL  DAMAGES  ARE  EQUAL 
TO  AREA  UNDER  THE  CURVE  AND  AREA 
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MISSISSIPPI  RIVER  HEADWATERS  STUDY 
STAGE- FREQUENCY  ANALYSIS 

HIGH  WATER  FREQUENCY  -  DAMAGE 
GULL  LAKE 

ST.  PAUL  DISTRICT  CORPS  OF  ENGINEERS 
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Plate  A-34 


note:  average  annual  damages  are  equal  to  area  under 

THE  CURVE  AND  ARE  34,100  (  OCTOBER  1977  PRICE  LEVELS) 


FLOOD  FREQUENCY -DAMAGE 
URBAN  AITKIN 


note:  average  annual  damages  are  equal  to  area  under 

THE  CURVE  AND  ARE  ft  14,700  (OCTOBER  1977  PRICE  LEVELS) 


1 


note:  average  annual  flooded  acres  are  equal  to  area 

UNDER  THE  CURVE  AND  ARE  EQUAL  TO  2690  ACRES 
SEASONALLY  WEIGHTED  CROP  DAMAGE  =$34.89 /ACRE 
OTHER  AGRICULTURAL  DAM  AGE  =  |  22  05/ACRE 


ST.  PAUL  DISTRICT  CORPS  OF  ENGINEERS 


PLAN  1 


TIME  SERIES  DATA  PLOTS 
AND 

ANNUAL  MAX/MI N  DATA  TABLES 


Plate  i 
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Plato  A- A 0 


LFFC 


STPAUL 


PI. -no  A-  . '> 


AITKIN  PLANl*  n.0«-R£3 


ANALYSIS  OF  MAXIMUM: 


-PLOTTING  POSITIONS-  UINNI  RESERVOIR  ELEVATION 
» . EVENTS  ANALYZE!' . » . OP.I'EP El'  EVENTS . 


MON 

DAY 

YEAR 

ELEVfFT . 

» 

> 

RANK 

WATEF 

YEAR 

ELEVfFT . 

WEIPU-L 
PLOT  P0S 

6 

-1 

1930 

1298.4 

» 

1 

1 900 

1302.0 

2.06 

J 

-1 

1931 

1297.0 

> 

o 

1966 

1300.4 

4.1' 

6 

-1 

1932 

1298.1 

* 

3 

1942 

1299.7 

6.20 

6 

-1 

1932 

1298.0 

» 

4 

1938 

1289.4 

6.3? 

5 

-1 

1934 

1296.8 

t 

J 

1903 

1298.3 

10.41 

8 

-1 

1920 

1297.0 

t 

6 

1970 

1 2C8 , ? 

12.0' 

6 

-1 

1936 

1298.1 

* 

7 

1  =  44 

1289.1 

3  4.06 

7 

-1 

1937 

1298.4 

t 

8 

1904 

1289.0 

16.:' 

J 

-1 

1938 

1299.4 

* 

9 

186' 

1289.0 

JS.'O 

7 

-1 

1939 

1297.8 

» 

10 

1974 

1298.8 

2C.6  2 

6 

-1 

1940 

1298.4 

* 

11 

I960 

1298.9 

o  '*>  c  “• 

6 

-1 

1941 

1298.0 

* 

12 

1952 

1298.' 

.  ('  r 

6 

-1 

1942 

1298.4 

» 

13 

1  =  40 

1288.7 

27.06 

6 

-1 

1943 

1299.7 

* 

14 

196" 

1296.6 

79.  !  ' 

6 

-1 

1944 

1299.1 

* 

10 

1948 

12=8.6 

31 ,2C 

6 

-1 

1940 

1298.7 

* 

16 

1901 

12=8.6 

33.3? 

6 

-1 

1946 

1298.0 

» 

17 

1962 

1298.6 

30.41 

6 

-1 

1947 

1298.0 

* 

18 

1972 

1296.6 

37.0; 

6 

-1 

1948 

1298.6 

X 

19 

184' 

1296.0 

7.C  .  r  p 

8 

-1 

3=49 

1298.0 

t 

20 

1 807 

1296.0 

41.6' 

6 

-1 

1900 

1302.0 

% 

21 

1971 

\  OQp  ^  C 

43.70 

6 

-1 

1901 

1298.6 

1 

oo 

1946 

1298.0 

40.67 

6 

-1 

1298.7 

» 

23 

1  .  S 

47.4? 

e 

-1 

1903 

1299.3 

> 

24 

194' 

129&.0 

.  C'C* 

5 

-1 

1904 

1299.0 

* 

or 

1941 

12=6.0 

02.06 

6 

-1 

1900 

1298.4 

* 

26 

1900 

12=8.4 

04.1' 

6 

-1 

1906 

1298.4 

* 

OO 
*.  ■ 

1942 

12=8.4 

06.20 

6 

-1 

2  907 

1298.0 

* 

28 

186? 

12=6.4 

08.32 

7 

-1 

1908 

1297.2 

t 

29 

1964 

1298.4 

60.4? 

9 

-1 

1909 

1298.3 

t 

30 

1968 

12=6.4 

62.00 

7 

-1 

1960 

1298.1 

t 

31 

1937 

12=8.4 

64.06 

6 

-1 

1961 

1297.8 

» 

32 

1940 

1296.4 

66.6' 

7 

-1 

1962 

1298.6 

X 

33 

1'30 

12=8.4 

68.70 

7 

-1 

1963 

1298.4 

t 

34 

1906 

12=6.4 

70.63 

6 

-1 

1964 

1298.4 

X 

30 

1908 

12=8.3 

7  p  .  c  p 

6 

-1 

1960 

1298.9 

t 

36 

1973 

1298.3 

70.00 

6 

-1 

1966 

1300.4 

* 

37 

1936 

1298.1 

77.09 

6 

-1 

1967 

1298.6 

* 

38 

1932 

1298.1 

79.1' 

6 

-1 

1968 

1298.4 

t 

39 

1960 

1296.1 

81.20 

6 

-1 

1969 

1299.0 

* 

40 

393? 

1298.0 

63.33 

6 

-1 

1970 

1298. 5 

* 

41 

1976 

1297.8 

80.42 

6 

-I 

1971 

1298.5 

* 

42 

1939 

1297.8 

87.00 

6 

-1 

1972 

1298.6 

* 

43 

1961 

1297.8 

8= .  06 

9 

-1 

1973 

1298.3 

* 

44 

1830 

12=7.0 

=  1.6' 

6 

-1 

1974 

1298.9 

* 

45 

1908 

1297.2 

93.70 

5 

-1 

1970 

1299.2 

* 

46 

1931 

1297.0 

90.82 

5 

-1 

1976 

1297.8 

t 

47 

1934 

3296.8 

97.92 
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-  ANALYSIS  OS  MINIMUM?  - 


-PLOTTING  POSITIONS-  WINNI  RESERVOIR  ELEVATION 


EVENTS  ANALYZED . * . ORDERED  EVENTS . * 


MON 

DAY 

YEAR 

ELEV.FT. 

$ 

* 

RANK 

WATER 

YEAR 

ELEVtFT . 

WEI  PULL  * 
PLOT  POS  » 

_ 4 

9 

-1 

1930 

1297.0 

* 

1 

1934 

1296.0 

2.08 

» 

9 

-1 

1931 

1296.3 

* 

2 

1931 

1296.3 

4.17 

* 

9 

-1 

1932 

1297.6 

* 

3 

1935 

1296.4 

6.25 

t 

9 

-1 

1933 

1297.1 

* 

4 

1930 

1297.0 

8.33 

* 

9 

-1 

1934 

1296.0 

* 

J 

1958 

1297.0 

10.42 

* 

5 

-1 

1535 

1296.4 

* 

6 

1939 

1297.0 

12.50 

X 

9 

-1 

1°36 

1297.2 

* 

7 

1933 

1297.1 

14.56 

» 

5 

-1 

1937 

1297.9 

* 

8 

1936 

1297.2 

16.67 

» 

9 

-1 

1 738 

1297.4 

* 

9 

1959 

1297.3 

18.75 

i 

9 

-1 

1939 

1297.0 

* 

10 

1976 

1297.3 

20.83 

X 

9 

-1 

1940 

1297.  e 

» 

11 

1938 

1297.4 

•n  Co 

» 

9 

-1 

1941 

1298.0 

» 

12 

1961 

1297.4 

25.00 

1 

r 

J 

-1 

1942 

1298.0 

* 

13 

1960 

1297.6 

27.08 

» 

5 

-1 

1943 

1298.1 

* 

14 

1932 

1297.6 

29.17 

X 

5 

-1 

1944 

1297.9 

* 

15 

1949 

1297.6 

31.25 

X 

5 

-1 

1945 

1298.4 

* 

16 

1973 

1297.6 

33.33 

* 

9 

-1 

1946 

1298.0 

1 

17 

1967 

1297.8 

35.42  » 

5 

-1 

1947 

1298.3 

* 

18 

1940 

1297.8 

37.50  » 

9 

-1 

1948 

1298.3 

* 

19 

1970 

1297.8 

39.58  * 

5 

-1 

1949 

1297.6 

» 

20 

1937 

1297.5 

43.67  » 

8 

-1 

1950 

1299.6 

* 

21 

1955 

IO9-7  ,c 

43.75  t 

7 

-1 

1951 

1298.4 

* 

oo 

1953 

1297.5 

45.83  > 

9 

-1 

1952 

1298.4 

* 

23 

1944 

1  297 . 9 

47.92  * 

5 

-1 

1953 

1297.9 

* 

24 

1543 

1 298 . 0 

50.00  » 

9 

-1 

1954 

1298.4 

* 

or 

1942 

1298.0 

52.06  > 

9 

-1 

1955 

1297.9 

* 

26 

1963 

1298.0 

54.17  * 

5 

-1 

1956 

1298.2 

* 

27 

1968 

1296. C 

5c . 25  * 

5 

-1 

1957 

1298.2 

* 

28 

1946 

1298.0 

56.33  > 

5 

-1 

1958 

1297.0 

* 

29 

1973 

1298.1 

60.42  * 

5 

-1 

1959 

1297.3 

* 

30 

1962 

1298.1 

62.50  * 

5 

-1 

1960 

1297.6 

* 

31 

1964 

1298.1 

64.56  * 

9 

-1 

1961 

1297.4 

* 

32 

1943 

1298.1 

66.67  * 

r 

w1 

-1 

1962 

1298.1 

* 

33 

1965 

1055,0 

68.75  » 

C 

%J 

-1 

1963 

1298.0 

* 

34 

1957 

1298.2 

70.63  * 

J 

-1 

1964 

1298.1 

* 

35 

1956 

1298.2 

70.50  j 

9 

-1 

1965 

1298.2 

» 

36 

1947 

1258.3 

75.00  * 

9 

-1 

3  966 

1299.0 

* 

37 

1948 

1258.3 

77.06  * 

9 

-1 

1967 

1297.8 

* 

38 

1972 

125S.Z 

79.17  1 

5 

-1 

1968 

1298.0 

* 

39 

1954 

1298.4 

81.25  * 

8 

-1 

1969 

1298.4 

* 

40 

1952 

1298.4 

63.33  * 

9 

-1 

1970 

1297.8 

* 

43 

1969 

1298.4 

85.42  * 

9 

-1 

1971 

1298.1 

* 

42 

1945 

1298.4 

67.50  * 

9 

-1 

1972 

1298.3 

* 

43 

1951 

1298.4 

89.56  * 

5 

-1 

1973 

1297.6 

* 

44 

1974 

1258.4 

91.67  * 

7 

-1 

1974 

1298.4 

* 

45 

1975 

1298.5 

93.75  * 

9 

-1 

1975 

1298.5 

* 

46 

1966 

1299.0 

95.83  i 

9 

-1 

1976 

1297.3 

* 

47 

1950 

1299.6 

97.92  * 

ri.it  i-  a -am 
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ANALYSIS  OF  MAXIMUMS  - 


-PLOTTING  POSITIONS-  LEECH  RESERVOIR  ELEVATION 
mutmtuuumummtmtuutmmiumtmntumui 

* . EVENTS  ANALYZEI' . » . ORI'EREI'  EVENTS . * 


MON 

HAY 

YEAR 

ELEV.FT. 

1 

* 

RANK 

UATET 

YEAR 

ELEVtFT . 

UEIPULL 

plot  po: 

i 

1 

6 

-1 

1930 

1294.0 

» 

1 

1950 

1295.8 

2.06 

j 

6 

-1 

1931 

1293.3 

* 

1  ?£5 

1295.3 

4.17 

1 

6 

-1 

1932 

12?3 . 6 

* 

3 

1943 

1  00 ^ 

6.25 

» 

6 

-1 

1933 

1293.8 

4 

4 

1966 

1  ">Qr. .  *■> 

8.33 

l 

5 

-1 

1934 

1293.1 

1 

C 

1953 

1 295 . 3 

10.42 

X 

7 

-1 

1935 

1293.8 

t 

6 

1944 

1295.1 

3  2.50 

» 

J 

-1 

1936 

1293.6 

* 

7 

1974 

1295.0 

14.58 

X 

6 

-1 

1937 

1293.8 

4 

8 

1973 

1295.0 

36. c"’ 

1 

6 

-1 

193S 

12°4 . 7 

4 

9 

1954 

1  294  . c 

3  8.75 

* 

6 

-1 

193? 

12®3.® 

4 

10 

1962 

1294.9 

20.63 

1 

6 

-1 

1940 

1294.1 

4 

11 

1952 

3  2?4 .9 

» 

9 

-1 

1  ?4 1 

1294.4 

4 

12 

196? 

12?4 .  ? 

25 . 00 

1 

9 

-1 

1942 

1294.8 

4 

13 

1972 

1 2Q4 . 0 

27.08 

1 

6 

-1 

1943 

1295.2 

4 

14 

194? 

1294.® 

79.17 

i 

7 

-1 

1944 

1295.1 

4 

15 

1?5' 

12?4 . 8 

31.25 

1 

5 

-1 

1?45 

1294.7 

4 

16 

1951 

1294.8 

33.33 

X 

7 

-1 

1946 

1294.8 

4 

17 

1947 

1 2?4  .  F 

35.42 

* 

7 

-  1 

1 94” 

1294.6 

4 

18 

1942 

12?4 .8 

37.50 

I 

c 

-i 

1948 

1294.4 

4 

19 

194c 

12?4. S 

39.58 

i 

8 

_  i 

1949 

1294.? 

4 

20 

1976 

1294.7 

4 1  .  d  7 

t 

6 

-i 

1950 

1295.8 

4 

21 

1943 

3294.7 

42.75 

J 

6 

1®51 

1294.6 

4 

ri 

196" 

1 2?4 . 6 

45.63 

> 

8 

-i 

19c;'> 

1294.? 

4 

07 

1970 

12?4.6 

47.92 

» 

e 

1953 

1295.1 

4 

74 

19^ 

1  2  ?  4 . 6 

50.00 

1 

7 

-i 

1954 

1294.? 

4 

nr, 

1966 

12?4.5 

52.06 

t 

7 

-i 

1955 

1294.6 

* 

26 

19?1 

1294.5 

54.17 

» 

6 

-i 

1956 

1294.0 

4 

n  1 

l?tO 

1294.4 

5c.  75 

X 

7 

-i 

1957 

1294.8 

4 

28 

1  °4 1 

12?4.4 

56.33 

» 

7 

-i 

1958 

1293.3 

4 

29 

3  ?46 

12?4 . 4 

60.42 

* 

9 

-i 

1959 

1294.2 

4 

30 

1964 

1294.3 

62.50 

* 

6 

-i 

1960 

1294.4 

4 

31 

1?63 

12?4 . 3 

64.58 

* 

6 

1961 

1293.8 

4 

32 

3  959 

1294.2 

66.6“ 

» 

7 

-i 

1962 

1294.9 

4 

33 

19  40 

1294.1 

68.75 

» 

7 

-i 

1963 

1294.3 

4 

34 

1956 

1294.0 

70.  S3 

* 

7 

-i 

1964 

1294.3 

4 

35 

1  ?30 

1294.0 

72.92 

* 

6 

-i 

1965 

1295.3 

4 

36 

1973 

1 2°4 . 0 

75.00 

* 

5 

-i 

1966 

1 29c-  ♦  2 

4 

3' 

193? 

1293 .  ? 

77.06 

1 

c 

-i 

1 967 

1294.6 

4 

38 

1961 

1793.8 

7?. 1“ 

* 

7 

-i 

1968 

1294,5 

4 

39 

1 937 

1 2?3 .  P 

83.25 

» 

5 

196° 

1294.9 

4 

40 

1?33 

1293.S 

83.33 

* 

6 

-i 

1970 

1294.6 

4 

41 

1935 

3293.8 

65.42 

7 

-i 

1971 

1294.5 

4 

42 

197c 

32?3.8 

87.50 

* 

9 

-1 

1972 

1294.9 

* 

43 

1936 

1293.6 

89.56 

* 

9 

-1 

1973 

1294.0 

* 

44 

1932 

1293.C 

91.67 

* 

6 

-1 

1974 

1295.0 

» 

45 

1958 

1293.3 

93.75 

* 

7 

-1 

1975 

1295.0 

* 

46 

1931 

1293.3 

95.63 

* 

5 

-1 

1976 

1293.8 

* 

47 

1?34 

1293.1 

97.97 

I 
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ANALYSIS  OF  MINIhUMS 


-PLOTTING  POSITIONS-  LEECH  RESERVOIR  ELEVATION 
* . EVENTS  ANALYZEl . * . OPDEREL  EVENTS . X 


* 

* 

MON 

HAY 

YEAR 

ELEVfFT . 

RANK 

WATEP 

YEAR 

ELEV.FT. 

UEIPULl 
PLOT  PCS 

I 

1 

* 

9 

-1 

1930 

1292.9 

X 

1 

1939 

1292.3 

2.08 

X 

t 

9 

-1 

1931 

1292.9 

X 

o 

L. 

1936 

1292.9 

9.17 

1 

* 

9 

-1 

1932 

1292.9 

X 

3 

1933 

1292.7 

6.25 

1 

t 

9 

-1 

1933 

1292.7 

X 

9 

1930 

1292.9 

8.33 

» 

% 

9 

-1 

1939 

1292.3 

X 

5 

1931 

2  292 . 9 

10.92 

) 

X 

J 

-1 

1935 

1293.1 

X 

6 

1932 

1292.9 

12.50 

i 

% 

9 

“  A 

1936 

1'>9”'.9 

X 

7 

1976 

2  'io'i  #  c 

19.58 

* 

X 

J 

-1 

1937 

12°3.5 

X 

8 

1958 

1293.0 

16.67 

X 

X 

9 

-1 

1938 

1299.2 

X 

9 

1935 

1293.1 

18.75 

i 

X 

9 

-1 

1939 

1293.3 

X 

10 

1939 

1 293 . 3 

20.8? 

X 

X 

o 

-1 

1990 

1293.6 

X 

11 

1959 

1293.9 

'n 

» 

X 

8 

-1 

1991 

1299.3 

X 

12 

1*49 

1293.5 

25.00 

1 

X 

5 

-1 

1992 

1293.8 

X 

13 

1937 

1293.5 

27.08 

1 

X 

r 

-1 

1993 

1294  *  2 

X 

19 

1990 

1293.6 

2=  .  1? 

X 

X 

J 

-1 

1999 

1293.9 

X 

15 

1961 

12*3.6 

31.25 

* 

X 

8 

-1 

1995 

1299.9 

X 

16 

1956 

1 293 . 7 

*7  7  4  77 

♦ 

X 

J 

-1 

1996 

1299.1 

X 

17 

197? 

1293.7 

#  4  n 

X 

J 

-1 

1997 

1299.9 

X 

IF 

196? 

l',t?3 . " 

37.50 

* 

X 

* 

-1 

1998 

1293.9 

X 

19 

1970 

12=3.8 

3*  .58 

X 

5 

-1 

1999 

12*3.5 

* 

20 

1942 

1293.6 

41.6“ 

t 

9 

-1 

1950 

12*9.5 

X 

21 

1948 

1293.* 

43.75 

» 

j 

-1 

1951 

1299.9 

X 

on 

1944 

1293.9 

45.63 

t 

5 

-1 

1952 

1299.1 

X 

23 

196? 

1293.9 

47.92 

X 

j 

-1 

1953 

1299.2 

X 

24 

1968 

1294.0 

50.00 

i 

9 

-1 

1959 

1299.7 

X 

25 

1960 

1294.0 

52 . 08 

X 

c 

-1 

1955 

1294.3 

X 

26 

1964 

1294,0 

54.1“ 

* 

9 

-1 

1956 

1293.7 

X 

27 

1946 

12*4.1 

56.25 

* 

5 

-1 

1957 

1294.1 

X 

28 

1*57 

12*4.1 

58.33 

X 

9 

-1 

1956 

1293.0 

X 

2? 

1955 

1294.1 

60.42 

> 

5 

-1 

1959 

1293.4 

X 

30 

1952 

1294.1 

62.50 

» 

9 

-1 

1960 

1294.0 

X 

33 

3973 

12*4.2 

64.58 

X 

8 

-1 

1961 

12*3.6 

X 

32 

1943 

12*4.2 

66.67 

X 

5 

-1 

3  962 

1294.4 

X 

33 

1953 

12*4.2 

68 . 75 

X 

c 

«J 

-1 

1963 

1293.7 

X 

34 

1938 

12*4.2 

70.83 

J 

r 

J 

-1 

1969 

1294.0 

X 

35 

194! 

12*4.3 

72 .  *2 

* 

c 

-1 

1965 

1294.6 

X 

36 

196* 

1294.3 

75 . 00 

» 

6 

-1 

1966 

12*4.9 

X 

37 

1947 

1294.4 

77.0* 

> 

9 

-1 

3967 

1293.9 

X 

38 

3  953 

12=4.4 

79.1? 

5 

-1 

1968 

1294.0 

X 

39 

1945 

1294.4 

81.25 

s 

9 

-1 

1969 

1294.3 

X 

40 

1962 

1294.4 

63.33 

t 

9 

-1 

1970 

1293.6 

X 

41 

1950 

12*4.5 

85.42 

X 

9 

-1 

1971 

1294.2 

X 

42 

1965 

1294.6 

57 . 50 

X 

6 

-1 

3972 

1294.7 

X 

43 

3  972 

12*4.7 

8*. 58 

t 

5 

-1 

1973 

1293.7 

X 

44 

1954 

12*4.7 

*1.6“ 

X 

9 

-1 

1979 

1294.8 

X 

45 

1975 

1294.7 

93.75 

X 

9 

-1 

1975 

1294.7 

X 

46 

1974 

1294.6 

*5.63 

X 

9 

-1 

1976 

1292.9 

X 

47 

1966 

1294.9 

97.92 

t 

anal* "is  or  hAvihun- 


-PLOTTING  POSITIONS-  r  OK  E  GAMA  RESEPVOIR  ELEVATION 


* . EVENTS  ANAL . . . . OPDEREL'  EVENTS 


» 

* 

hON 

hay 

YEAP 

ELEV.FT. 

1 

1 

RANK 

WATER 

YEAR 

ELEVtFT , 

WEIRULL 
PLOT  F  OS 

* 

6 

-l 

1930 

1273.7 

* 

1 

1838 

1276.4 

2.00 

* 

6 

-l 

1931 

1273.7 

t 

n 

1950 

1276.4 

4.17 

* 

6 

-l 

1932 

1273.7 

* 

3 

1953 

1276.4 

6.25 

* 

6 

-l 

1933 

1273.7 

t 

4 

1965 

1276.4 

8.33 

* 

6 

-l 

1934 

1273.5 

% 

J 

1966 

1276.4 

10.42 

* 

6 

-l 

1925 

1273.7 

% 

6 

1969 

1276.4 

12.50 

» 

6 

-i 

1936 

1273.7 

t 

7 

1975 

1276.4 

14.58 

* 

6 

-i 

1937 

1273.7 

t 

8 

1948 

1276.7 

16.67 

* 

C 

-i 

1938 

1276.4 

t 

c 

im 

1276.3 

1 8 . 75 

t 

9 

-i 

1939 

1273.6 

t 

10 

1 P  72 

1276.0 

20.8? 

t 

6 

- 1 

1940 

1273.7 

* 

n 

1954 

1275.9 

*">  ">  ^  ^  *1 

* 

5 

-i 

1941 

1273.7 

t 

12 

1943 

1275.5 

25.00 

* 

6 

-i 

1942 

1273.7 

t 

13 

1944 

1275.4 

27.08 

» 

6 

-i 

1943 

1275.5 

t 

14 

1952 

1275.3 

29.J7 

* 

6 

-i 

1944 

1275.4 

t 

15 

1974 

1274.5 

31.25 

t 

5 

-i 

1945 

1273.7 

t 

16 

1945 

1273.7 

*S  1  7  *2 

t 

6 

-i 

1946 

1273.7 

» 

17 

1946 

1273.7 

35.47 

t 

6 

-i 

1947 

1273.7 

* 

18 

1947 

1273 . ? 

37.50 

* 

V 

-i 

1948 

1276.3 

* 

19 

1937 

1 273 . 7 

39.5.8 

i 

1 

-i 

1949 

1273.7 

* 

20 

1940 

1273.7 

41.6' 

% 

c 

-i 

1950 

1276.4 

* 

21 

1931 

1273.7 

43.75 

i 

6 

-i 

1951 

1273.7 

* 

1 C51 

12”.' 

45.  S3 

> 

5 

-i 

1952 

1275.3 

* 

">3 

1941 

1273.7 

4'. 92 

* 

e 

-i 

1953 

1276.4 

» 

24 

1  ??? 

17”.' 

50  •  00 

* 

r 

-i 

1954 

1275.0 

» 

1940 

1273.7 

57.08 

* 

6 

-i 

1955 

1273.' 

* 

26 

1955 

127'.' 

54.1' 

t 

r 

-i 

1956 

1273.7 

* 

1956 

1273.' 

c  4  n  c 

t 

6 

-i 

1957 

1273.7 

» 

28 

1957 

1773.7 

59.33 

t 

7 

1958 

1273.7 

* 

~>Q 

1958 

1 373 . ~ 

60.42 

* 

6 

-i 

1959 

1273.7 

* 

30 

1  95$ 

1273.' 

67.50 

* 

6 

1960 

1273.7 

* 

31 

I960 

1273.7 

64.58 

t 

6 

-i 

1961 

1273.7 

» 

32 

1961 

1 2  ~  3 . 7 

66 . 6~ 

* 

6 

-i 

1962 

1273.7 

* 

33 

1962 

12”.' 

68.75 

t 

6 

-i 

1963 

1273.7 

t 

34 

1*63 

12”. 7 

70.83 

% 

6 

-i 

1964 

1273.7 

t 

35 

1964 

12”.' 

72.92 

% 

5 

-i 

1965 

1276.4 

» 

1  A 
*_■  c 

1933 

1273.7 

7r, ,  00 

* 

5 

-i 

1966 

1276.4 

* 

3~ 

1 Q67 

1273.7 

77.08 

* 

5 

-i 

1967 

1273.7 

t 

38 

lt?68 

1273.' 

7C .  1 ' 

* 

6 

-i 

1968 

1273.7 

♦ 

30 

1935 

1273.' 

81.25 

i 

c 

-i 

I960 

1276.4 

t 

40 

1970 

1773.' 

83.33 

» 

r 

j 

-i 

1970 

1273.7 

* 

41 

1930 

1273.7 

85.42 

t 

c 

-i 

1971 

1276.3 

t 

42 

1973 

1273.7 

87.50 

* 

c 

-i 

1972 

1276.0 

t 

43 

1842 

1773.7 

89.58 

t 

7 

-i 

1973 

1273.7 

t 

44 

1936 

12”.  ~ 

91.67 

1 

* 


* 

5  -1 

1974 

1274.5 

* 

45 

1976 

1273.7 

93.75 

1 

t 

5  -1 

1975 

1276.4 

* 

46 

1939 

1273.6 

95.83 

$ 

t 

7  -1 

1976 

1273.7 

* 

47 

1934 

1273.5 

97,93 

t 

ri.it «  A-  '1 


-  ANALYSIS  OF  MINIMUMS  - 


-PLOTTING  POSITIONS-  POKEGAMA  RESERVOIR  ELEVATION 

******************************  mum* ****************** ****** * 

* . EVENTS  ANALYZE! . * . ORDERED  EVENTS . * 


* 

* 

MON 

DAY 

YEAR 

ELEVf FT . 

) 

* 

RANK 

WATER 

YEAR 

ELEV.FT. 

UE I  BULL 
PLOT  P0S 

1 

1 

* 

8 

-1 

1930 

1272.6 

* 

1 

1934 

1272.1 

2.08 

* 

» 

5 

-1 

1931 

1272.5 

* 

*■> 

1938 

1272.1 

4.17 

* 

* 

9 

-1 

1932 

1272.5 

* 

3 

1939 

1272.1 

6.25 

J 

* 

9 

-1 

1937 

1272.4 

* 

4 

1958 

1 ?72 . 7 

B.33 

1 

* 

9 

-1 

1934 

1272.1 

* 

J 

1976 

1272.3 

10,42 

* 

* 

c- 

-1 

1935 

1272.6 

* 

6 

1933 

1272.4 

12.50 

X 

* 

8 

-1 

1936 

1272.5 

* 

7 

1965 

1272.4 

14.58 

* 

* 

5 

-1 

1937 

1272.8 

* 

8 

1936 

1272.5 

16.67 

» 

* 

8 

-1 

193S 

1272.1 

* 

9 

1931 

1272.5 

18.75 

* 

* 

5 

-1 

1939 

1272.1 

* 

10 

1932 

1272.5 

20 .  S'3 

1 

* 

C 

-1 

1940 

1272.8 

* 

11 

1959 

1272.5 

> 

* 

8 

-1 

1941 

1273.3 

* 

12 

1973 

1272.5 

25 . 00 

) 

* 

C- 

J 

-1 

1942 

1272.8 

* 

13 

1930 

1272.6 

27.08 

* 

* 

5 

-1 

1943 

1272.8 

* 

14 

1935 

1272.6 

29.17 

» 

* 

5 

-1 

1944 

1272.8 

* 

15 

1949 

1272.7 

31.25 

3 

* 

c 

-1 

1945 

1273.7 

* 

16 

1970 

1272.8 

7  7 .  7 

X 

* 

5 

-1 

1946 

1272.8 

* 

17 

1946 

1272  E 

35.42 

) 

* 

5 

-1 

1947 

1272.8 

* 

18 

1947 

1272.8 

37.50 

2 

* 

6 

-1 

1948 

1273.7 

» 

19 

1944 

1272.8 

39.58 

1 

* 

C 

-1 

1949 

1272.9 

* 

20 

1951 

1272.8 

41.6' 

» 

* 

7 

-1 

1950 

1273.7 

* 

21 

1953 

1272.8 

43.75 

1 

5 

-i 

1951 

1272.8 

* 

">*> 

1955 

1272.8 

45.83 

t 

6 

-i 

1952 

1273 . 7 

t 

83 

1957 

1272.8 

47.92 

* 

5 

-i 

1953 

1272.8 

* 

24 

1943 

1272.8 

50 . 00 

t 

6 

-i 

1954 

1273.7 

* 

j 

1940 

1272.8 

52.08 

i 

C 

-i 

1955 

1 272 . 8 

* 

26 

1960 

1272.8 

54.17 

t 

c 

J 

-i 

1956 

1273.7 

» 

27 

1961 

1272.8 

56.25 

* 

5. 

-i 

1957 

1272.8 

* 

28 

1962 

1272.8 

58.33 

t 

c 

w» 

-i 

1958 

j Tyn ^ n 

* 

29 

1963 

1272.8 

60.42 

» 

5 

-i 

1959 

1 27?  5 

* 

30 

1964 

1272.8 

62.50 

l 

r 

-i 

1960 

1272.8 

* 

31 

1937 

1272.8 

64.58 

* 

5 

-i 

1961 

1272.8 

* 

*7  0 

1968 

1272.8 

66 . 1 7 

* 

5 

-i 

1962 

1272.8 

* 

33 

1942 

1  272.8 

68.75 

* 

r 

J 

-i 

1963 

1272.8 

* 

34 

1967 

3  273.2 

70.82 

* 

5 

-i 

1964 

1272.8 

* 

35 

1941 

1273.3 

72 . 92 

* 

7 

-i 

1965 

1272.4 

* 

36 

1971 

1273.5 

75.00 

* 

7 

-i 

1966 

1273.7 

* 

37 

1972 

1273.6 

77.08 

* 

8 

-i 

1967 

1273.2 

* 

36 

1950 

1273.7 

7°.  I7 

* 

C 

-i 

1968 

1272.8 

* 

39 

1956 

1273.7 

81.25 

1 

6 

-i 

1969 

1273.7 

* 

40 

1969 

1273.7 

63.33 

1 

9 

-3 

1970 

1272.8 

» 

43 

1945 

1  273.7 

85.42 

* 

9 

-1 

1971 

1273.5 

* 

42 

1948 

1277  7 

87.50 

* 

9 

-1 

1972 

1273.6 

* 

43 

1966 

1273.7 

89.58 

* 

5 

-1 

1973 

1272.5 

* 

44 

1°54 

1273.7 

91.67 

* 

7 

-1 

1974 

1273.7 

* 

45 

19,  l 

1273.7 

93.75 

* 

6 

-1 

1975 

1273.7 

* 

46 

1975 

1273.7 

95.83 

t 

5 

-1 

1976 

1272.3 

* 

47 

1952 

1273.7 

97,92 

* 

mmmmmmmmmmmmmmmmmmmmm* 


r 


-  ANALYSIS  OF  hAYIrt'JN? 


-PLOTTING  POSITIONS-  SANDY  RESERVOIR  ELEVATION 

ummmummmtmmuuuntmMumutmiinmu 

* . EVENTS  ANALYZED . * . ORDERED  EVENTS . 


MON 

DAY 

YEAR 

ELEViFT . 

> 

* 

RANK 

WATER 

YEAR 

ELEV.FT. 

WE  I  DULL 
PLOT  PD 

6 

-1 

1930 

1216.6 

» 

1 

1943 

1218.3 

2.08 

7 

-1 

1931 

1216.6 

* 

n 

1938 

1218.3 

4.17 

6 

-1 

1  <?7'1 

1216.6 

t 

7 

vV 

1944 

1218.3 

6.20 

6 

-1 

1933 

1216.5 

t 

4 

1948 

1218.3 

8.33 

6 

-1 

1934 

1216.6 

* 

J 

1  950 

1218.3 

ic.4: 

6 

-1 

1930 

1216.6 

* 

6 

1902 

1218.3 

1  ?  .  r/ 

6 

-1 

1936 

1216.6 

* 

*7 

1903 

1218.3 

14.08 

6 

-1 

193? 

1216.6 

* 

8 

1904 

1218.3 

16.6" 

C 

sJ 

“1 

1938 

1218.3 

» 

9 

1906 

1218.3 

18.70 

6 

-1 

19?° 

1216.6 

* 

10 

1960 

1218.3 

20.87 

6 

-1 

1940 

1216.6 

* 

11 

1966 

1218.3 

77  ^  Q  7 

C 

J 

-1 

1941 

1218.1 

» 

12 

1969 

1218.3 

20.00 

6 

-1 

1942 

1216.6 

t 

13 

1971 

1218.3 

27.08 

6 

-1 

1943 

1218.3 

t 

14 

19‘72 

1218.3 

pc  t  1  - 

6 

-1 

1944 

1218.3 

i 

10 

1974 

1218.3 

7  i 

c 

-1 

1 c  40 

1216.7 

* 

16 

1970 

1218.3 

7  7  7  7 

£ 

-1 

1946 

1216.6 

» 

17 

1941 

1218.1 

70.47 

6 

_  1 

1=4" 

1216  6 

1 

18 

1970 

1217.6 

7  7  .  r,  ' 

C 

-  1 

1  =  48 

1218.3 

t 

19 

1967 

1217.0 

39.08 

6 

~  A 

194* 

1216.6 

t 

20 

1901 

1216.8 

41.6" 

C 

_  1 

t®00 

1219.3 

t 

21 

1940 

1216.” 

43.70 

C 

-1 

!®0l 

1216.8 

t 

194  = 

1216.6 

40.83 

"7 

-  1 

1  c02 

1219.3 

* 

^  “7 

1=30 

1  "M  /•  ,  r 

47 . 6" 

e 

“  i 

1  903 

1218.3 

* 

24 

1936 

1216.6. 

00.00 

c 

-1 

1  90' 4 

1218.3 

* 

Of 
^  u 

1937 

1216.6 

02.05 

6 

-1 

1  ?zz 

1216.6 

* 

26 

1900 

1216.6 

04.17 

Z 

-1 

1 90c 

1216.3 

* 

2? 

1931 

1216.6 

06.20 

6 

-1 

190' 

1216.6 

t 

28 

1  =  0' 

1216. t 

08.37 

e 

_  1 
* 

190S 

1226.6 

i 

->? 

1958 

1216.6 

60.42 

6 

-1 

1  <?C,C 

1216.6 

* 

30 

1  ?J° 

3216.6 

62.00 

6 

-1 

1960 

1216.6 

t 

31 

1960 

1216.6 

64.08 

6 

-1 

1961 

1216.0 

t 

32 

1962 

1216.6 

66.6“ 

6 

-1 

1962 

1216.6 

* 

33 

1963 

1216.6 

68.70 

6 

-1 

1963 

1216.6 

* 

34 

1964 

1216.6 

=  0.63 

6 

-1 

1964 

1216.6 

* 

30 

193= 

3216.6 

72. 92 

C" 

J 

-1 

1960 

1218.3 

* 

36 

1940 

1216.6 

?f« .  00 

c 

-  1 

A 

1966 

1218.3 

> 

37 

1968 

1216.6 

77.08 

tr 

wJ 

-1 

1967 

1217.0 

* 

38 

1946 

1216.6 

79 .  i  7 

6 

-1 

1968 

1216.6 

* 

39 

1947 

1216.6 

81.20 

c 

J 

“  J 

1969 

1218.3 

* 

40 

1942 

1216.6 

53.33 

c 

J 

-1 

1970 

121. -6 

t 

41 

1930 

1216.6 

80.42 

r 

-1 

1971 

1218. j 

* 

42 

1973 

1216.6 

87.00 

c* 

-1 

1  Q?~> 

1218.3 

t 

43 

1 

1216.6 

8=  .08 

6 

-1 

1973 

1216.6 

* 

44 

1=34 

1216.; 

=  1.6" 

-1 

1®74 

1218.3 

% 

40 

19c  1 

1216.0 

C7.-r 

C 

-1 

1970 

1218.3 

t 

46 

1933 

1216.0 

=0.83 

*  7  -1  1976  1216.3  *  47  1976  1216.3  9". =2  * 


-  ANALYSIS  OF  MINIMUM  - 


-PLOTTING  P  OSITIONS-  SANDY  RESERVOIR  ELEVAT  ION' 


mmmmmuimniutt 

1 . FUFNTS  AN  At  Y/Ffi . 1 

tttttimmtumtmtnmmmt) 

. fit  AFF'FTi  FUFk'TA . 1 

* 

*  MON 

DAY 

YEAR 

ELEVf FT . 

RANK 

UATE 

YEAR 

ELEV.FT  . 

WE  1  DULL 
PLOT  POS 

* 

9 

-1 

1930 

1215.4 

1 

1931 

1214.9 

2.08 

* 

r 

-1 

1931 

1214.9 

o 

L. 

1 95E 

1215.0 

4.1' 

* 

9 

-1 

1932 

1216.2 

3 

1930 

1215.4 

6.25 

* 

r 

w> 

-1 

1933 

1215.6 

4 

1  976 

1215.5 

6.33 

* 

9 

-1 

1934 

1215.7 

C 

w' 

1936 

1215.6 

10.42 

* 

r 

-1 

1925 

1216.3 

6 

1933 

1215.6 

12.50 

* 

o 

-1 

193  c 

1215.6 

*7 

19/0 

1215.7 

14.58 

* 

9 

-1 

193' 

1216.3 

8 

1936 

1215.' 

16.6' 

* 

9 

-1 

1938 

1216.4 

9 

1 9C'C 

1215.8 

1 8 . 73 

t 

C 

-1 

193° 

1216.3 

10 

1961 

1215.9 

20.83 

* 

9 

-1 

1940 

1216.1 

n 

1947 

1216.1 

'n  q 

» 

6 

-1 

1941 

1216.6 

12 

1940 

1216.1 

25.0f' 

* 

-1 

1942 

1216.2 

13 

1941 

1216.2 

2'.  08 

* 

-1 

1943 

1216.3 

14 

19c' 

1216.2 

29.1' 

* 

5 

-1 

1944 

1216.3 

15 

1950 

1216.: 

33  .25 

* 

6 

-1 

1945 

1216.6 

16 

1932 

1216.: 

i  _* 

* 

C 

-1 

1946 

1216.3 

r 

193' 

1216.3 

35.4  2 

* 

c 

-1 

1947 

1216.1 

18 

1949 

1216.3 

3'.  50 

t 

9 

-1 

1948 

1216.4 

1' 

1944 

1216.3 

39.56 

* 

r 

_  1 

1949 

1216.3 

nr, 

1951 

1216.3 

43.6' 

t 

9 

-i 

1950 

1216.2 

n  * 

k 

1953 

1216.3 

4  3  #  7  c 

* 

c 

-i 

1951 

1216.3 

n  n 

1955 

1216.3 

45.83 

t 

0 

-l 

1952 

1216.6 

1 95' 

1216.3 

4'. 9: 

c 

-1 

1953 

1216.3 

24 

I960 

1216.3 

50.00 

6 

-1 

1954 

1216.6 

OC 

1939 

1216.3 

52.08 

r 

- 1 

1955 

1216.3 

2  6 

1962 

1216.3 

54. 1' 

9 

-1 

195c 

1216.5 

7 

1963 

1216.3 

56.25 

r 

-1 

1957 

1216.3 

28 

1964 

1216.3 

58.33 

r 

-1 

1956 

1215.0 

IQ 

1°43 

1216.3 

60.42 

c 

-1 

1959 

1215.8 

30 

lc68 

1216.3 

62.50 

r 

-1 

1960 

1216.3 

31 

194; 

1216.3 

64.58 

c 

-1 

1961 

1215.9 

7-| 

197? 

1216.3 

66.6' 

r 

.J 

- 1 

1962 

1216.3 

33 

1 93: 

1216.3 

68.75 

c 

-i 

1963 

1216.3 

34 

5969 

1216.4 

70 .  B3 

J 

-1 

1964 

1216.3 

35 

1948 

1216.4 

72.92 

8 

-1 

1965 

1216.6 

36 

1938 

1216.4 

75.00 

7 

-1 

1966 

3216.6 

37 

1975 

1216.4 

7' .  08 

9 

-1 

1967 

1216.2 

38 

1971 

1216.5 

79.17 

c 

-1 

1968 

1216.3 

39 

1 956 

1216.5 

8.  .25 

0 

-1 

1969 

1216.4 

40 

1 965 

1216.6 

83.33 

9 

-1 

1970 

1215.7 

41 

1952 

1216.6 

85.42 

9 

-1 

1971 

1216.5 

42 

1945 

1236.6 

8'.  50 

7 

-1 

1972 

1216.6 

43 

1972 

1216.6 

89.58 

r 

-1 

1973 

1216.3 

44 

1954 

1216.6 

91.6' 

7 

-1 

1974 

1216.6 

45 

1974 

1216.6 

93. 7C, 

9 

-1 

1975 

1216.4 

46 

1966 

1216.6 

95.83 

9 

-1 

1976 

1215.5 

47 

1°41 

1216.6 

9' .  c2 

tmttttmtiitttmmttm 
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ANALYSIS  OF  MAXIhUMS 


-PLOTTING  FOS1TIONS-  FINE  RESERVOIR  ELEVATION 

immutimmtuimitmmtimuimiMimttmttiuKi 

* . EVENTS  ANALYZEI . . . ORDERED  EVENTS .  .  . 

»  *  WATEF  WE  I  K'LL 


MON 

DAY 

YEAR 

ELEViFT . 

* 

RANF, 

YEAR 

ELEViFT . 

PLOT  P0S 

6 

-1 

1930 

1229.6 

t 

1 

1950 

1230.4 

3.08 

7 

-1 

1931 

1229.6 

» 

O 

L. 

1965 

1230.0 

4.17 

6 

-1 

1932 

1  ~>->9  ^  -> 

* 

3 

1943 

1229.9 

6.25 

6 

-1 

1933 

1229.6 

» 

4 

1944 

1229.6 

8.33 

6 

-1 

1934 

1228.3 

t 

5 

1966 

1229.6 

10.42 

7 

-1 

1 93S 

1229.6 

* 

6 

1938 

1229.6 

17.50 

6 

-1 

1936 

1229.6 

» 

7 

1945 

1229.6 

14.58 

7 

-1 

1937 

1229.6 

* 

8 

1937 

1229.6 

16.67 

C 

J 

-1 

1 93S 

1229.6 

* 

6 

1935 

1229.6 

18.75 

7 

-1 

1939 

1229.5 

4 

10 

1941 

1229.6 

20.83 

6 

-1 

1940 

1229.5 

4 

11 

1942 

1229.6 

•n  Q 

5 

-1 

1941 

1229.6 

4 

12 

1923 

1229.6 

25.00 

6 

-1 

1942 

1229.6 

4 

13 

1946 

1229.6 

27.08 

6 

-1 

1943 

1229.9 

4 

14 

194' 

1229.6 

29.1' 

6 

-1 

1944 

1229.6 

4 

15 

1948 

1229.6 

31.25 

5 

-1 

1945 

1229.6 

4 

16 

1949 

1229.6 

33.33 

“» 

/ 

-1 

1946 

1229.6 

4 

17 

1930 

1229. c 

35.42 

6 

-1 

1947 

1229.6 

4 

18 

1951 

1229.6 

37.50 

r 

-1 

194E 

1229.6 

4 

19 

1952 

1229.6 

39.58 

7 

-1 

1949 

1229.6 

4 

20 

1953 

1229.6 

41.6' 

5 

-1 

1950 

1230.4 

* 

21 

1954 

1224 .6 

43.75 

6 

-1 

1951 

1229.6 

4 

n 

1955 

1229  .6 

4  2 .  c : 

C 

-1 

1952 

1229.6 

4 

23 

195c 

1229.6 

47.92 

6 

-1 

1953 

121? « 6 

4 

24 

1  ■ 

1224  ,c 

50.00 

c 

-1 

1954 

1229.6 

4 

or 
«_  J 

195° 

1229.6 

52.08 

7 

-1 

1955 

1229.6 

4 

26 

I960 

1229.6 

54.1“ 

r 

J 

-1 

1956 

1229.6 

4 

J  : 

1962 

1  229.6 

56.25 

7 

-1 

1957 

1 ??? . 6 

4 

28 

19t3 

1229.6 

58.33 

9 

-1 

1959 

1778.9 

4 

OQ 

lc64 

1229.6 

60.47 

7 

-1 

195= 

1229.6 

4 

30 

1  °3 1 

1229.6 

67.50 

6 

-1 

I960 

1229.6 

4 

’  1 

1 96  7 

1739.6 

64.58 

S 

-1 

1961 

1229.3 

4 

yj 

1968 

1  379 .6 

6t .  e.- 

6 

-1 

1962 

1229.6 

4 

77 

1969 

1  229.6 

68.75 

7 

-1 

1963 

1  •'29.6 

4 

34 

19  70 

1  229.6 

70.83 

6 

-1 

1964 

1229,6 

4 

3L 

1971 

1  229.6 

'2.92 

6 

-1 

1965 

1230.0 

4 

36 

1892 

1239.6 

75.00 

J 

-1 

1966 

1 22? . 6 

4 

37 

1993 

1229.6 

77.04 

5 

-1 

1967 

1229.6 

4 

38 

1974 

1329.6 

79.1' 

6 

-1 

1969 

122°.6 

4 

39 

1975 

1  239.6 

81.75 

r 

J 

-1 

1969 

1229.6 

4 

40 

1936 

1229.6 

83.33 

c 

-2 

1970 

1229.6 

4 

41 

1940 

p-OQ  (  r 

85.42 

5 

-1 

1971 

1229.6 

4 

42 

1939 

1 779.5 

87.50 

J 

-1 

1972 

1229.6 

4 

43 

1962 

1  229.3 

89.58 

7 

-I 

1973 

1229.6 

4 

44 

1932 

1 2Z,Q .  2 

91.67 

C 

J 

-1 

1974 

1229.6 

4 

45 

1958 

1228.9 

93.75 

r 

<J 

-1 

1975 

1229.6 

4 

46 

1976 

1278.8 

95.83 

7 

-3 

1976 

1228.8 

4 

47 

1934 

1238.3 

9  7 , 9  j 

ri.it  «.■  a-  '  > 
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ANALYSIS  OF  MINIMUHS 


-PLOTTING  POSITIONS-  PINE  RESERVOIR  ELEVATION 
UHtmmommmmmtmtammmiummmumn 

* . EVENTS  ANALYZE!- . * . ORDERED  EVENTS . 


MON 

DAY 

YEAR 

ELEViFT . 

RANK 

UATEF 

YEAR 

ELEViFT . 

WE  I  PULL 
PLOT  POS 

5 

-1 

1930 

1228.9 

t 

1 

1934 

1227.6 

2.08 

5 

-1 

1931 

1228.1 

I 

n 

i. 

1976 

12'17 . 9 

4.17 

5 

-1 

1932 

122B.6 

* 

3 

1956 

1226.0 

6.25 

5 

-1 

1933 

1228.7 

* 

4 

1931 

1226.1 

8.33 

9 

-1 

1939 

1227.6 

* 

5 

1959 

1226.6 

10.42 

5 

-1 

1935 

1228.8 

> 

6 

1932 

1226.6 

12.50 

9 

-1 

1936 

1228.7 

* 

7 

1955 

1226.6 

14.56 

5 

-1 

1937 

1228.9 

* 

8 

1936 

1228.7 

16.6' 

8 

-1 

1938 

1229.5 

* 

9 

1939 

1 226 . 7 

18.76 

c 

u 

-1 

1939 

1228.7 

* 

10 

1933 

1228.' 

20.83 

5 

-1 

1940 

1228.9 

* 

11 

1961 

1228." 

^ 

5 

-1 

1941 

1229.6 

* 

12 

1946 

1228.8 

25.00 

5 

-1 

1942 

1228.9 

» 

13 

1935 

1228. E 

27.06 

5 

-1 

1943 

1228.9 

* 

14 

196? 

1228.6 

29.1' 

5 

-1 

1944 

1228.9 

% 

15 

1930 

1 .  9 

7 1  .  p, 

6 

-1 

1945 

1229.6 

» 

16 

1969 

1228.9 

3  7.2? 

5 

-1 

1946 

1228.8 

» 

17 

193' 

\  2  2  6 .  c 

35.42 

J 

-1 

1947 

1223.9 

» 

18 

1957 

1228.9 

37.50 

5 

-1 

1948 

1229.6 

* 

19 

1940 

1226.9 

39.56 

J 

-1 

1949 

1228.9 

» 

20 

1973 

1226.9 

41.67 

7 

-1 

1950 

1229.6 

* 

21 

1951 

1228.9 

43.75 

J 

-1 

1951 

1228.9 

* 

1953 

1226.9 

45.83 

5 

-1 

1952 

1229.6 

* 

^>7 

1947 

47.92 

J 

-1 

1953 

1226.9 

* 

24 

1962 

1228.9 

50.0c 

J 

-1 

1954 

1229.6 

* 

25 

1966 

1226.9 

52.08 

5 

-1 

1955 

1228.6 

* 

26 

1960 

1228.9 

54.17 

9 

-1 

1956 

1229.5 

* 

1962 

1228.9 

ri  A  c, 

> 

j 

-1 

1957 

1228.9 

* 

28 

1943 

1  226.9 

58 !  33 

» 

c 

J 

-1 

1958 

1228.0 

* 

29 

1964 

1228.9 

60.42 

* 

c 

J 

-1 

1959 

1228.6 

t 

30 

1968 

1226. c 

62.50 

» 

J 

-1 

1960 

1228.9 

t 

31 

1970 

1229.0 

6  4.56 

» 

5 

-1 

1961 

1228.7 

% 

32 

1967 

1 229  •  4 

66.67 

t 

J 

-1 

1962 

1228.9 

t 

33 

1969 

1  °29 . 9 

68.75 

* 

5 

-1 

1963 

1228.8 

t 

34 

1956 

1 229 !  5 

70.8? 

1 

5 

-1 

1964 

1228.9 

t 

35 

1938 

c 

72.92 

> 

5 

-1 

1965 

1229.6 

t 

3e 

1965 

1229*.  6 

75.00 

* 

6 

-1 

1966 

1229.6 

t 

37 

1966 

1229.6 

77.06 

t 

9 

-1 

1967 

1229.4 

t 

38 

1948 

1229.6 

79.17 

» 

5 

-1 

1968 

1228.9 

t 

39 

1954 

1229.6 

81.25 

* 

8 

-1 

1969 

1229.5 

t 

40 

1952 

1229.6 

63.37 

* 

9 

-1 

1970 

1229.0 

t 

41 

1941 

1229.6 

85.42 

» 

5 

-1 

1971 

1229.6 

t 

42 

1971 

1229.6 

87.50 

* 

5 

-1 

1972 

1229.6 

* 

43 

1972 

1229.6 

89.58 

» 

5 

-1 

1973 

1228.9 

* 

44 

1945 

1229.6 

91.67 

* 

5 

-1 

1974 

1229.6 

I 

45 

1974 

1229.6 

93.75 

* 

5 

-1 

1975 

1229.6 

t 

46 

1975 

1229.6 

95.83 

1 

9 

-1 

1976 

1227.9 

t 

47 

1950 

1229.6 

97 . 92 

1 

iimmmumimmm 
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ANALYSIS  OF  MAXI  MUM : 


-PLOTTING  POSITIONS-  GULL  RESERVOIR  ELEVATION 


. EVENTS  . . * . ORDERED  EVENTS . 

t  HATER  UEIDULL 


MON 

DAY 

YEAR 

ELEViFT . 

t 

RANK 

YEAR 

ELEVrFT . 

PLOT  POS 

6 

-1 

1930 

1194.0 

1 

1 

1950 

1194.8 

2.08 

7 

-1 

1931 

1193.9 

* 

O 

1938 

1194.5 

4.17 

6 

-1 

193? 

1193.5 

* 

3 

1944 

1194.4 

6.25 

6 

-1 

1933 

1194.0 

* 

4 

1975 

1194.3 

8.33 

5 

-1 

1934 

1193.0 

* 

5 

1965 

1194.2 

10.42 

7 

-1 

1935 

1194.0 

t 

6 

1943 

1194.1 

12.50 

6 

-1 

1936 

1193.9 

* 

7 

1952 

1194.1 

14.58 

6 

-1 

1937 

1194.0 

t 

8 

1937 

1194.0 

16.67 

-1 

1938 

1194.5 

* 

9 

1941 

1194.0 

18.75 

7 

-1 

1939 

1193.9 

* 

10 

1942 

1194.0 

20.  e3 

6 

-1 

1940 

1193.8 

* 

11 

1935 

1194.0 

e- 

J 

-1 

1941 

1194.0 

* 

12 

1945 

1194.0 

25.00 

6 

-1 

1942 

1194.0 

t 

13 

1946 

1194.0 

27.08 

6 

-1 

1943 

1194.1 

* 

14 

1947 

1194.0 

29.17 

6 

-1 

1944 

1194.4 

t 

15 

1948 

1194.0 

31.25 

5 

-1 

1945 

1194.0 

» 

16 

1949 

1194.0 

33.33 

7 

-1 

1946 

1194.0 

* 

17 

1951 

1194.0 

35.42 

6 

-1 

1947 

1194.0 

* 

18 

1953 

1194.0 

37.50 

5 

-1 

1948 

1194.0 

* 

19 

1954 

1194.0 

39.58 

6 

-1 

1949 

1194.0 

* 

20 

1955 

1194.0 

41.67 

5 

-1 

1950 

1194.8 

* 

21 

1 95o 

1194.0 

43.75 

6 

-1 

1951 

1194.0 

* 

nn 

1957 

1194.0 

45.83 

7 

-1 

1952 

1194.1 

* 

23 

1958 

1194.0 

47.92 

6 

-1 

1953 

1194.0 

» 

24 

1959 

1194.0 

50.00 

5 

-1 

1954 

1194.0 

t 

Mt 

1960 

1194.0 

5?.  oe 

8 

-1 

1955 

1194.0 

> 

26 

1962 

1194.0 

54.17 

5 

-1 

1956 

1194.0 

* 

27 

1963 

1194.0 

56 . 25 

7 

-1 

1957 

1194.0 

t 

28 

1964 

1194.0 

58.33 

8 

-1 

1958 

1194.0 

t 

29 

1966 

1194.0 

60.42 

6 

-1 

1959 

1194.0 

t 

30 

1967 

1194.0 

62.50 

6 

-1 

1960 

1194.0 

% 

31 

1968 

1194.0 

64.58 

8 

-1 

1961 

1193.6 

* 

32 

1969 

1194.0 

66 . 67 

6 

-1 

1962 

1194.0 

* 

33 

1970 

1194.0 

68.75 

9 

-1 

1963 

1194.0 

t 

34 

1971 

1194.0 

70.83 

9 

-1 

1964 

1194.0 

% 

35 

1972 

1194.0 

72.92 

6 

-1 

1965 

1194.2 

t 

36 

1973 

1194.0 

75.00 

5 

-1 

1966 

1194.0 

t 

37 

1974 

1194.0 

77.08 

5 

-1 

1967 

1194.0 

t 

38 

1933 

1194.0 

79.17 

7 

-1 

1968 

1194.0 

t 

3? 

1930 

1194.0 

81.25 

5 

-1 

1969 

1194.0 

* 

40 

1939 

1193.9 

83.33 

5 

-1 

1970 

1194.0 

t 

41 

1931 

1193.9 

85.42 

c 

J 

-1 

1971 

1194.0 

t 

42 

1936 

1193.9 

87.50 

c 

tJ 

-1 

1972 

1194.0 

t 

43 

1940 

1193.8 

89.58 

6 

-1 

1973 

1194.0 

* 

44 

1961 

1193.6 

91. 6‘7 

5 

-I 

1974 

1194.0 

* 

45 

1932 

1193.5 

93.75 

5 

-1 

1975 

1194.3 

* 

46 

1976 

1193.5 

95.63 

7 

-1 

1976 

1193.5 

> 

47 

1934 

1193.0 

97.92 

tmtmmmmmmtmmmumttmttmmmtnmtt 
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-  ANALYSIS  OF  HINIMUMS 


-PLOTTING  POSITIONS-  GULL  RESERVOIR  ELEVATION 
t . EVENTS  ANALYZE!' . * . 0R!'EkEIi  EVENTS . 


»  WATER  VE1MJLL 


MON 

hay 

YEAR 

ELEV.FT. 

* 

RANK 

YEAR 

ELEV»FT . 

PLOT  P0S 

9 

-1 

1930 

1193.0 

* 

1 

1934 

1192.5 

2.08 

5 

-1 

1931 

1193.0 

* 

O 

1976 

1192.6 

4.17 

9 

-1 

1932 

1192.6 

t 

3 

1932 

1192.6 

6.25 

9 

-1 

1933 

1193.1 

* 

4 

1936 

1192.9 

8.33 

9 

-1 

1 93  A 

1192.5 

* 

5 

1931 

1193.0 

10.42 

5 

-1 

1935 

1193.5 

» 

6 

1930 

1193.0 

12.50 

9 

-1 

1936 

1192.9 

* 

7 

1933 

1193.1 

14.58 

5 

-1 

1937 

1193.6 

* 

8 

1955 

1193.4 

16.67 

B 

-1 

1938 

1193.9 

t 

9 

1958 

1193.4 

IB. 75 

5 

-1 

1939 

1193.4 

t 

10 

1939 

1193.4 

20.83 

5 

-1 

1940 

1193.6 

* 

11 

1970 

1193.5 

?2 . 9° 

7 

-1 

1941 

1193.9 

* 

12 

1935 

1193.5 

25.00 

c- 

sJ 

-1 

1942 

1193.6 

t 

13 

1961 

1193.5 

27.08 

c 

vJ 

-1 

1943 

1193.6 

t 

14 

1964 

1193.5 

29.17 

5 

-1 

1944 

1193.6 

t 

15 

1963 

1193.5 

31.25 

6 

-1 

1945 

1194.0 

1 

16 

1968 

1193.5 

33.33 

5 

-1 

1946 

1193.6 

t 

17 

1959 

1193.6 

35.42 

5 

-1 

1947 

1193.9 

1 

18 

1957 

1193.6 

37.50 

6 

-1 

1948 

1193.9 

* 

19 

1940 

1193.6 

39. 5E 

5 

-1 

1949 

1193.6 

i 

20 

1946 

1193.6 

41.67 

9 

-1 

1950 

1193.7 

t 

21 

1049 

1193.6 

43.75 

5 

-1 

1951 

1193.6 

t 

TO 

1969 

1193.6 

45.83 

9 

-1 

1952 

1194.0 

* 

23 

1953 

1193.6 

47.92 

5 

-1 

1953 

1193.6 

t 

24 

1937 

1193.6 

50.00 

5 

-1 

1954 

1194.0 

* 

25 

1960 

1193.6 

52.08 

c 

o 

-1 

1955 

1193.4 

t 

26 

1042 

1193.6 

54.17 

9 

-1 

1956 

1193.9 

* 

27 

1962 

1193.6 

56.25 

5 

-1 

1957 

1193.6 

% 

28 

1944 

1193.6 

58.33 

5 

-1 

1958 

1193.4 

% 

29 

1943 

1193.6 

60.42 

5 

-1 

1959 

1193.6  * 

30 

1951 

1193. 6 

62.50 

5 

-1 

1960 

1193.6  * 

33 

197? 

1193.6 

64.58 

5 

-1 

1961 

1193,5  * 

32 

1950 

1193.7 

66.67 

5 

-1 

1962 

1193.6  * 

33 

1967 

1193.8 

68 . 75 

c 

J 

-1 

1963 

1193.5  * 

34 

1948 

1193.9 

70.83 

5 

-1 

1964 

1193.5  > 

35 

3  956 

1193.9 

72.92 

8 

-1 

1965 

1194.0  % 

36 

1947 

1193.9 

75.00 

9 

-1 

1966 

1193.9  * 

37 

1938 

1193.9 

77.08 

9 

-1 

1967 

1193.8  * 

38 

1974 

1193.9 

79.17 

5 

-1 

1968 

1193.5  * 

39 

1966 

1193.9 

81.25 

9 

-1 

1969 

1193.6  * 

40 

1941 

1193.9 

83.33 

9 

-1 

1970 

1193.5  * 

41 

1971 

1194.0 

85,42 

9 

-1 

1973 

1194.0  * 

42 

1965 

1194.0 

87.50 

5 

-1 

1972 

1194.0  * 

43 

1945 

1194.0 

89.58 

5 

-1 

1973 

1193.6  » 

44 

1952 

1194.0 

91.67 

9 

-1 

1974 

1193.9  * 

45 

1972 

1194.0 

93.75 

6 

-1 

1975 

1194.0  * 

46 

1975 

1194.0 

95.83 

9 

-1 

1976 

1192.6  * 

47 

1954 

1194.0 

97.92 
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WATER 
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MON 

DAY 

YEAR 

FLOWiCFS 

* 

RANK 

YEAR 

FLOU.CFS 

PLOT  POS 

5 

-1 

1930 

3329. 

¥ 

X 

1 

1950 

21595. 

2.08 

6 

-1 

1931 

2474. 

X 

o 

t- 

1975 

20217. 

4.37 

5 

-1 

1932 

2950. 

X 

3 

1969 

16309. 

6.25 

5 

-1 

1933 

2757. 

X 

4 

1948 

14723. 

8.33 

4 

-1 

1934 

1984. 

X 

5 

1965 

13688. 

10.42 

5 

-1 

1935 

3028. 

X 

6 

1966 

13118. 

12.50 

J 

-1 

1936 

5003. 

X 

7 

1971 

13048. 

14.58 

5 

-1 

1937 

4031. 

X 

8 

3  953 

12249. 

16.67 

5 

-1 

1938 

11150. 

X 

9 

1952 

11428. 

18.75 

4 

-1 

1939 

5648. 

X 

10 

1956 

11326. 

20.83 

5 

-1 

1940 

3422. 

X 

13 

1938 

11150. 

on  4  90 

A 

-1 

1941 

10543. 

X 

12 

1972 

11047. 

25.00 

5 

-1 

1942 

4843. 

X 

13 

1944 

10881. 

27.08 

6 

-1 

1943 

10641 . 

X 

14 

1954 

10760. 

29.17 

6 

-1 

1944 

10831 . 

X 

15 

1943 

10641. 

31.25 

3 

-1 

1945 

10531. 

X 

16 

1974 

10633. 

33.33 

6 

-1 

1946 

5698. 

X 

17 

1941 

10543. 

35.42 

A 

-1 

1947 

6589. 

X 

18 

1945 

10531. 

37.50 

5 

-1 

1948 

14723. 

X 

19 

1970 

9777. 

39.58 

7 

-1 

1949 

5590. 

X 

20 

1967 

9203. 

41.67 

5 

-1 

1950 

21595. 

X 

21 

1962 

7793. 

43.75 

5 

-1 

1951 

7442. 

X 

OT 

1973 

7763. 

45.83 

7 

-1 

1952 

11428. 

X 

23 

1951 

7442. 

47.92 

8 

-1 

1953 

12249. 

X 

24 

1947 

6589. 

50.00 

5 

-1 

1954 

10760. 

X 

25 

1964 

6208. 

52.08 

4 

-1 

1955 

4693. 

X 

26 

1946 

5688. 

54.17 

4 

-1 

1956 

11326. 

* 

0  7 

193c 

5648. 

56.25 

4 

-1 

1957 

5296. 

* 

26 

19.10 

5590. 

58.33 

0 

-1 

1958 

2182. 

X 

29 

1976 

5325. 

60. 4.‘ 

6 

-1 

1959 

3794. 

X 

30 

1957 

52'6. 

62.50 

5 

-1 

1960 

5193. 

X 

31 

1960 

5193. 

64.58 

5 

-1 

1961 

3246. 

X 

32 

1968 

5037. 

66.6" 

5 

-1 

1962 

7793. 

* 

33 

1936 

5003, 

68.75 

6 

-1 

1963 

4693. 

» 

34 

1942 

4843. 

70.82 

♦ 

5 

-1 

1964 

6208. 

* 

35 

1955 

4693. 

72.92 

4 

-3 

1965 

13688. 

t 

36 

1963 

4693. 

75.00 

5 

-1 

1966 

13118. 

* 

37 

1937 

4031  . 

77.08 

4 

-1 

1967 

9203. 

1 

38 

1959 

3794. 

79.17 

6 

-1 

1968 

5037. 

* 

39 

1940 

3422. 

81.25 

4 

^  1 

1969 

16309. 

t 

40 

1930 

3329. 

83.33 

5 

-i 

1970 

9777. 

X 

41 

1961 

3246. 

85.42 

4 

-1 

1971 

13048. 

X 

4  2 

1935 

3028. 

87.50 

4 

-1 

1972 

11047. 

t 

43 

1932 

2950. 

89.58 

10 

-1 

1973 

7763. 

* 

44 

1933 

2757. 

91.67 

6 

-1 

1974 

10633. 

1 

45 

1931 

2474. 

93.75 

5 

-1 

1975 

20217. 

> 

46 

1958 

2182. 

95.83 

4 

-1 

1976 

5325. 

* 

47 

1934 

1984. 

97.92 
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*  WATER  WEI  DULL 


HON 

^AY 

YEAR 

FL0U.CFS 

* 

RANK 

YEAR 

FLOUtCFS 

PLOT  F0S 

s' 

-1 

1930 

1052. 

* 

1 

1934 

810. 

2.08 

9 

-1 

1931 

1347. 

* 

2 

1936 

827. 

4.17 

10 

-1 

1932 

1263. 

* 

3 

1933 

972. 

6.25 

9 

-1 

1933 

972. 

* 

4 

1935 

1030. 

8.33 

8 

-1 

1934 

810. 

* 

5 

1976 

1048. 

10.42 

1 

-1 

1932 

1030. 

* 

6 

1930 

1052. 

12.50 

7 

-1 

1936 

827. 

» 

7 

1932 

1263. 

14.58 

O 

-1 

1937 

1373. 

* 

8 

1931 

1347. 

16.67 

i 

-1 

1938 

2061 . 

* 

9 

1940 

1371. 

IB. 75 

10 

-1 

1939 

1901 . 

* 

10 

1937 

1373. 

20.83 

9 

-1 

1940 

1371. 

* 

11 

1961 

1642. 

on  ^  <yo 

8 

-1 

1941 

2827. 

* 

12 

1970 

1858. 

25.00 

1 

-1 

1942 

3568. 

* 

13 

1935 

1901. 

27.08 

9 

-1 

1943 

4007. 

* 

14 

1960 

1977. 

29.17 

1 

-1 

1944 

4349. 

* 

15 

1938 

2063. 

31.25 

1 

-1 

1945 

4275. 

* 

16 

1 946 

2067. 

33.33 

9 

-1 

1946 

3625. 

* 

17 

1967 

2218. 

35.42 

8 

-1 

1947 

3074 . 

* 

38 

1955 

2398. 

37.50 

10 

-1 

1948 

2067. 

* 

19 

1962 

2449. 

39.56 

9 

-1 

1949 

2560. 

i 

20 

1969 

2486. 

41.67 

11 

-1 

1950 

3466. 

» 

21 

1958 

2530. 

43.75 

1 

-1 

1951 

4115. 

* 

no 

«L  i- 

1949 

2560. 

45.83 

11 

-1 

1952 

3945. 

* 

23 

1964 

2571. 

47.92 

1 

-1 

1953 

4831 . 

* 

24 

1956 

2584 . 

50.00 

12 

-1 

1954 

4178. 

* 

25 

1963 

?R?? . 

52.08 

11 

-1 

1955 

3120. 

t 

26 

1941 

2827. 

54.17 

10 

-1 

1956 

2584. 

* 

27 

1957 

3060 . 

56.25 

1 

-1 

3  957 

3060. 

t 

28 

1947 

3074, 

56 . 33 

8 

-1 

1958 

2530. 

t 

29 

1965 

3090. 

60.42 

O 

-1 

1955 

2398. 

* 

30 

1955 

3120. 

62.50 

8 

-1  . 

1960 

1977. 

* 

31 

1973 

3126. 

64.58 

8 

-1 

1961 

1642. 

* 

32 

1968 

3190. 

66.67 

3 

-1 

1962 

2449. 

t 

33 

1974 

3204. 

66.75 

11 

-1 

1963 

2822. 

t 

34 

1950 

3466. 

70.83 

8 

-1 

1964 

2571  . 

t 

35 

1942 

356E . 

72.92 

3 

-1 

1965 

3090. 

% 

36 

1946 

3625. 

75.00 

12 

-1 

1966 

4976. 

% 

37 

1952 

3945. 

77.06 

11 

-1 

1967 

2219. 

* 

3e 

1943 

400*. 

78.17 

1 

-1 

1968 

3190. 

t 

39 

1951 

4115. 

81.25 

9 

-1 

1969 

2486. 

t 

40 

1954 

4176. 

83.33 

9 

-1 

1970 

1858. 

t 

41 

1975 

4235. 

85.42 

9 

-1 

1971 

3126. 

t 

42 

1945 

4275. 

87.50 

12 

-1 

1972 

6905. 

t 

43 

1944 

4348. 

89.56 

7 

-1 

1973 

4609. 

t 

44 

1973 

4609. 

81.67 

9 

-1 

1974 

3204. 

t 

45 

1953 

4831  . 

93.75 

8 

-1 

1975 

4235. 

t 

46 

1966 

4976. 

95.83 

9 

-1 

1976 

1048. 

t 

47 

1972 

6905. 

97.92 
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PROBLEM  2 


BANK  EROSION  CONTROL  ON  SIX  MISSISSIPPI  RIVER  HEADWATERS  LAKES 

BACKGROUND 

Bank  erosion  caused  by  higher  than  normal  levels  in  the  six  head¬ 
waters  lakes  causes  destruction  of  shoreline  archeological  and  cultural 
sites;  damages  recreation,  residential,  and  commercial  interests;  and 
contributes  to  degraded  water  quality-  Erosion  produces  a  progressive 
loss  and  deterioration  of  lakeshore  lands  and  related  vegetation.  Bank 
erosion  and  subsequent  wave  action  have  produced  sandbars  which  have 
closed  off  northern  pike  spawning  marshes  in  the  Pine  River  Lakes 
CThitefish  Chain  of  Lakes). 

Erosion  in  the  six  headwaters  lakes  has  varied  through  the  years 
since  the  six  controlling  dams  were  first  built  in  the  late  1800' s  and 
early  1900's.  The  most  notable  erosion  problems  around  each  of  the  six 
lakes  are  found  where  natural  banks  are  high  and  the  process  of  natural 
stabilization  is  not  completed.  Erosion  was  more  severe  before  the 
1930' s  when  each  of  the  lakes  was  subject  to  greater  fluctuations  under 
different  operating  plans.  Erosion  was  also  more  severe  during  ex¬ 
tended  periods  of  high  water  such  as  during  the  early  1930' s. 

Existing  shoreline  erosion  around  the  six  Mississippi  River  Head¬ 
waters  Lakes  is  the  most  serious  on  Winniblgoshish ,  Leech,  and  Sandy 
Lakes.  Winniblgoshish  and  Leech  Lakes  have  a  much  larger  surface  area 
than  the  other  four  lakes.  Because  of  their  large  size,  they  are 
more  difficult  to  control  and  more  susceptible  to  adverse  effects  of 
wind  and  wave  action.  Sandy  Lake,  although  only  slightly  larger  than 
Pokegama  Lake  and  half  as  large  as  Pine  River  Lakes,  also  experiences 
considerable  shoreline  erosion.  The  circular  shoreline  conf igurat ion 
of  Sandy  Lake  and  the  8-foot  range  of  possible  lake  level  fluctuations 
are  principal  causes  of  the  erosion. 
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Current  shoreline  erosion  on  Pokegama,  Pine  River,  and  Gull  Lakes 
is  not  as  significant  as  on  the  other  three  lakes.  The  shoreline  con¬ 
figuration  on  Pokegama  Lake  (somewhat  star-shaped)  plus  more  rocky 
shoreline  areas  limits  erosion  losses  there.  Pine  River  and  Gull  Lakes 
experience  less  erosion  because  peak  inflows  to  these  lakes  are  not  as 
variable,  and  the  lakes  can  more  easily  be  maintained  within  desirable 
operating  limits  year-round  and  from  year  to  year. 

Most  of  the  erosion  occurs  on  lands  not  owned  by  the  Corps  of 
Engineers  but  for  which  the  Corps  has  flowage  easements.  (Fee  ownership 
amounts  to  over  1,800  acres,  while  flowage  easements  cover  almost 
300,000  acres.)  Some  erosion  control  projects  have  been  developed  by 
the  U.S.  Forest  Service  and  by  private  interests  around  Lake  Winnibigoshish. 
The  St.  Paul  District  has  a  small  erosion  control  project  under  design  at 
the  Winnibigoshish  Lake  damsite.  The  erosion  sites  need  to  be  identified 
and  a  practical  plan  of  approach  needs  to  he  developed  to  arrest  and 
control  erosion,  if  possible. 

GEOLOGY  AND  SOILS 

The  geology  and  soils  background  information  for  the  lake  erosion 
problem  is  identical  to  that  presented  earlier  for  the  optimum  lake 
operating  problem  (see  page  A-3). 

HYDROLOGY  AND  HYDRAULIC  STUDIES 

High  water  elevation-frequency  curves  were  first  developed  for 
each  of  the  six  headwaters  lakes  and  Sandy  Lake  tail  water  for  the 
1936-1976  period  of  record  and  for  present  conditions  (plates  A- 54 
through  A-60).  The  1930-1935  years  were  not  included  in  the  analysis 
because  the  drought  years  recorded  during  the  early  1930's  would  unduly 
influence  the  high  water-frequency  curves.  Another  reason  for  not 
including  the  ye  rs  prior  to  1936  is  that  the  current  lake  operating 
plans  were  changed  in  1936. 
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A  typical  riprap  design  was  then  developed  for  each  of  the  six 
headwaters  lakes  using  the  criteria  shown  in  the  following  two  tables. 
These  criteria  generally  would  he  suitable  for  embankment  or  dam 
design. 


_ _ _ Mississippi  River  Headwaters  Lakes  data _ 

Item  Winnibi^oshish  Leech  Pokegama  Sandy  Pine  River  Gull 


Maximum  observed  1303.17 

lake  elevation 
(feet)  1929  adj . 

(1936-1976) 

1297.07 

1277.89 

1224.82 

1231.98 

100-year  flood  1302.90 

elevation  (feet) 

1929  adj. 

(1936-1976) 

1297.0 

1  277.9 

1223.9 

1  232.8 

Kstimated  typical  11 

effective  fetch 
(mi les) 

12 

■) 

0 

3 

Design  overland  40 

wind  velocity  (mph) 

40 

40 

40 

40 

Design  ratio  of  1.3 

over water  winds 
to  overland  winds 

1.3 

1.21 

1.21 

1.26 

Design  overwater  52 

wind  velocity  (mph) 

52 

48 

48 

50 

Wind  duration  (hours)  1.0  ^ 

i.o(1) 

0.47 

0.47 

0.63 

Maximum  wave  height  5.2 

(feet)  based  on 
figure  5-5,  KM  1110— 

2-2300 

5.2 

2.0 

2.9 

4.0 

Design  still  water  1302.90 
level  (feet)  1929  adj. 

1297.0 

1277.9 

1223.90 

1232.80 

Wave  height  (feet),  5.2 

11  ,  equal  to  the 
average  of  the 
highest  1/3  of  all 
waves  for  this  de¬ 
sign  condition 

5.2 

2.9 

2.9 

3.8 

Wave  runup  (feet)  7.9 

7.9 

3.7 

3.7 

5.1 

plus  wind  tide  rise 
(vertical  feet)  for  the 
average  of  the  highest 
1/S  of  all  waves  for 
this  design  condition 


1195.09 


1195.4 


40 


1.28 


51 


0.7  7 
4.8 


1195.4 


4.3 


h.  1 


(1)  Wind  duration  was  assumed  to  not  exceed  1  hour. 
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Mississippi  River  Headwaters  Lakes  -  Preliminary  riprap  design 


Item  Winnibigoshish 

Leech 

Pokegama 

Sandy 

Pine  River 

Gull 

Slope  of  pro¬ 
posed  riprap 
embankment 
(feet  per 
foot) 

2.50 

2.50 

2.50 

2.50 

2.50 

2.50 

Specific 
gravity  of 
rock 

2.64 

2.64 

2.64 

2.64 

2.64 

2.64 

Riprap  layer 
thickness  (feet) 
required  for 
design  condi¬ 
tions,  based  on 
figure  5-6, 

EM  1110-2-2300 

24 

24 

15 

15 

15 

1  5 

Required  median 
rock  size,  Wa 
(pounds) 

220 

220 

70 

70 

140 

1411 

Required  maximum 
rock  size,  W 
max  (pounds) 

880 

880 

280 

280 

560 

76(1 

Required  minimum 
rock  size,  W  min 
(pounds) 

28 

28 

9 

9 

18 

■y  • 

Recommended  top 

1310.80 

1304.90 

1281.60 

1227.60 

1237.90  12 

01.50 

of  riprap  eleva¬ 
tion  (feetl  1929 
adjustment(l) 

Recommended  hot-  1291.94  1288.20  1265.40  1209.30  1221.30  1187.80 

tom  of  riprap 
elev^ion  (feet) 
adj  . 

(1)  The  recommended  top  of  riprap  elevation  is  equal  to  the  point  of 
maximum  wave  runup. 

(2)  The  recommended  bottom  of  riprap  elevation  is  3  feet  below  the 
present  minimum  ordinary  operating  limit. 
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The  proposed  design  shown  in  the  preceding  table  was  further  modified 
to  more  adequately  reflect  the  difference  between  protection  for  head¬ 
waters  dams  and  protection  for  bank  erosion.  Shoreline  banks  should  not 
have  to  meet  the  same  design  criteria  as  those  used  for  dams.  Therefore, 
required  shoreline  protection  was  estimated  to  protect  against  a  100-year 
lake  elevation,  or  maximum  observed  lake  elevation,  and  at  the  same  time 
provide  a  minimum  of  3  feet  of  freeboard  for  wave  runoff  to  prevent 
undermining.  The  riprap  would  be  carried  only  to  the  maximum  elevation 
of  the  property  where  the  elevation  of  the  property  was  less  than  the 
maximum  design  elevation  in  situations  where  the  protected  property  or 
developments  were  at  an  elevation  less  than  the  desired  protection  level. 
The  following  table  summarizes  the  design  elevations  used  for  the  top 
and  bottom  elevations  of  riprap  for  shoreline  protection  estimate. 
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For  each  of  the  six  headwaters  lakes,  the  total  length  of  credible 
re  line  was  estimated  in  two  categories:  (1)  existing  erosion  and 
r  •tentiai  erosion.  Existing  erosion  estimates  for  the  six  head¬ 
ers  lakes  were  obtained  through  observations  taken  by  boat  in  1977 
ates  A-61  through  A-66) .  Potential  erosion  lengths  for  developed  or 
eiopablo  properties  were  derived  from  flood  damage  surveys  on  Sandy 
Pekegnma  Lakes  and  from  erosion  surveys  taken  by  the  U.S.  Forest 
vi  e  on  a  inn i h igoshish  Lake.  Potential  erosion  values  for  developed 
developable  properties  on  the  remaining  three  lakes  (Leech,  Pine 
or,  and  Lull)  were  developed  using  correlations  with  the  three 
vi'Vt u  lakes.  Potential  shoreline  erosion  areas  for  each  of  the  six 
•  s  vere  assumed  to  include  all  properties  that  had  onshore  slopes 
it  •  r  :  ■>  percent . 

a  tempt  was  made  to  estimate  the  current  annual  cost  of  existing 
:  <.  r.t  ial  shoreline  erosion.  .Although  no  precise  figures  exist 
: he  number  of  square  feet  of  shoreline  eroded  on  each  of  the  head¬ 
er.-  lakes,  tile  I'.S.  Forest  Service  has  made  detailed  studies  of  the 
at  A innibigoshish  Lake.  These  studies  indicate  that  losses 
v  ,  usiierably  from  one  location  to  another  but,  at  a  minimum,  losses 
r  u.  about  1  foot  of  d<_pth  per  foot  of  shoreline  annually.  An  esti- 
.  bdlar  value  per  square  foot  of  property  was  derived  for  each,  of 
si-'  ue. niw.it  or  s  lakes  using  local  assessors'  knowledge  of  recent  sub 
f  >r  tin-  value  of  lakefront  property  (based  on  shoreline  front 
t  ic  )  i n d  average  lot  depth.  The  following  table  summarizes  estimate 
i  c-ts  based  on  an  erosion  rate  of  1  foot  of  depth  per  foot  of 
reline  and.  on  the  present  length  of  eroding  shoreline. 


Est imated 

erosion 

COStS^l) 

Lake 

Present 

shoreline 

erosion 

(feet) 

Value  per 
f  ront 
square 
foot 

Annual 
value  of 
lost 

shorel ine 

Winnibigoshish 

54,250 

$0.11 

$5  ,950 

Leech 

27,500 

0.27 

7 , 400 

Pokegama 

1,450 

0.58 

850 

Sandy 

29,600 

0.54 

16,000 

Pine  River 

3,610 

0.84 

5,050 

Gull 

1,000 

0.87 

850 

Total 

117,410 

34,100 

(l)  Indexed  from 

October  1977  to 

October  1981  levels. 

The  following 

table  compares  present 

lakeshore  erosion 

under  the 

existing  plan  of  lake  operation  and 

potential  erosion  with 

a  lake 

operating  plan  using  higher  water  levels. 

Existing  and  potential  erosion 


Lake 

Total  i 
Miles 

.  ..  (1) 
shoreline 

Feet 

Present 

erosion 

(feet) 

Potential 

To 

developed 
properties 
(f  eet) 

erosion 

To  all 
shore  1 i ne 
propert i es 
(feet) 

Winnibigoshish 

35.0 

184,800 

54,250 

79,200 

114,800 

Leech 

182.3 

962,550 

27,500 

34,000 

808, 550 

Pokegama 

50.8 

268,200 

1,450 

55,100 

147,600 

Sandy 

56.  5 

298, 300 

29,600 

42,100 

293,000 

Pine  River 

106.0 

559,680 

3,610 

112,000 

498,700 

Gull 

35.6 

138,000 

1,000 

100,000 

1 70,000 

Total 

466.2 

2,461,530 

117,410 

422,400 

2,032,650 

(1)  Figures  are  for  the  lake  proper  and  are  from  the  ln67  Minnesota 
Department  of  Natural  Resources  Shoreline  Management  Study. 

(2)  Potential  erosion  values  include  all  onshore  land  slopes  greater 
than  5  percent  and  the  present  erosion  and  developed  property  value  shown. 


A-  I  4  ) 


Existing  erosion  estimates  for  the  six  headwaters  lakes  were 
obtained  through  observations  taken  by  boat.  Figures  for  potential 
erosion  to  developed  properties  were  derived  from  flood  damage  sur¬ 
veys  on  Sandy  and  Pokegama  Lakes  and  from  erosion  surveys  by  the  U.S. 
Forest  Service  on  Winnibigoshish  Lake.  Potential  erosion  values  for 
developed  properties  on  Leech,  Pine  River,  and  Gull  Lakes  were 
derived  using  correlations  with  the  three  surveyed  lakes.  Potential 
shoreline  erosion  to  all  areas  for  each  of  the  six  lakes  was  assumed 
to  include  all  properties  that  had  onshore  slopes  greater  than 
5  percent. 

COST  ESTIMATE 

No  economically  feasibLe  project  exists  for  protecting  large 
expanses  of  lake  shoreline  by  structural  means.  The  least  cost  method 
would  be  the  natural  method  currently  used  hv  the  F.S.  Forest  Service 
on  Winnibigoshish  Lake.  The  method  involves  placing  ungraded  gravel, 
up  to  6  incties  in  diameter,  on  eroding  shoreline  slopes.  Approximately 
1  cubic  yard  of  riprap  is  placed  on  each  foot  of  shoreline  at  a  cost 
of  about  $8  per  foot.  This  method  appears  to  be  effective  only  on 
banks  that  have  less  than  10  percent  slope,  and  the  cost  is  still 
too  great  to  make  it  economically  feasible.  The  following  table  of 
costs  and  benefits  for  natural  shoreline  protection  is  included  for 
reference  only. 
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Natural  method  of  shoreline  protection 


Lake 

Potential 
damage  area 
requiring  ,  .Protection 
protection''  first 

(feet)  cost^  ' 

Protec¬ 
tion 
annual. 
costv  ' 

Annual 
value  of 
shoreline 

lost 

(per  foot) 

Total 
annual 
value  of 

1  ost 

shore  line 

Winnibigoshish 

79,200 

$849,000 

$64,800 

0.11 

$8,700 

Leech 

34 , 000 

364,500 

27,800 

0.27 

9,200 

Pokegama 

55,100 

590,700 

45 , 100 

0.58 

31,950 

Sandy 

42, 100 

451,300 

34,400 

0.54 

22, 750 

Pine  River 

112,000 

1,200,600 

91,600 

0.84 

94,100 

Gull 

100,000 

1,072,000 

81 , 800 

0.87 

87,000 

Total 

422,400 

4,528,100 

345,500 

253,700 

Benefit-cost  ratio  =  $1253, 70Q  _ 

fiaAt  tnn  u* 

(1)  Derived  from  1965  U.S.  Forest  Service  shoreline  survey  and  1977 
St.  Paul  District  damage  surveys.  Includes  only  developed  or  potentially 
developable  properties. 

(2)  $8  per  foot  of  shoreline. 

(3)  Rased  on  100-year  project  life  and  7  5/8- percent  Interest  rate. 

No  operation  and  maintenance  costs  are  included. 


RECOMMENDED  ACTION 

No  structural  improvements  or  changes  in  lake  operation  are  recom¬ 
mended  to  protect  large  expanses  of  shoreline,  although  protection  of 
individual  properties  may  be  justified.  The  current  plan  of  operation 
for  the  six  headwaters  lakes  has  stabilized  or  caused  a  decline  in 
erosion  on  each  of  the  six  lakes.  Recent  detailed  studies  of  erosion 
on  Winnibigoshish  Lake  present  a  good  example  of  the  erosion  decline 
as  summarized  in  the  following  conclusions  for  the  period  1939  to  1969. 

a.  Fifty-six  percent  of  the  total  erosion  could  have  occurred 
during  only  3  years  (1943,  1944,  and  1950). 

b.  Approximately  two-thirds  of  the  total  erosion  occurred  in 
the  first  12  years  of  the  period  1939-1969. 
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c. 


There  was  an  overall  decline  in  potential  erosion. 


A  change  in  the  normal  summer  operating  plan  for  Winnibigoshish 
Lake  is  currently  being  tried  as  a  result  of  a  1975  request  from  the 
Governor  of  Minnesota.  Under  the  new  experimental  plan,  the  level  of 
Winnibigoshish  Lake  is  1  foot  lower  than  the  previous  summer  operating 
plan  level.  This  is  being  done  because  people  living  around  the  lake, 
people  with  businesses  on  the  lake,  and  Forest  Service  officials  are 
all  concerned  with  reducing  the  shore  damage  and  erosion  taking  place. 
The  trial  summer  level  reduction  experiment  started  in  1976  and  will 
be  in  effect  for  about  5  years. 

No  further  studies  of  bank  erosion  control  measures  are  recommended 
under  the  Mississippi  River  Headwaters  study  authority.  Existing  and 
potential  erosion  at  individual  archeological  sites  will  be  addressed 
further  under  the  District's  operation  and  maintenance  authority. 


PLATE  SUMMARY 


Number  Item 


A-61  -  Elevation-frequency  curves  for  each  of  the  six  lakes  and 
A-67  Sandy  Lake  tail  water. 

A-68  -  Shoreline  erosion  location  curves  for  each  of  the  six  lakes. 
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Plate  A-b2 
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EXISTING  EROSION  AREA 
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EXISTING  EROSION  AREAS 


PROBLEM  3  -  EROSION  PROBLEMS  DOWNSTREAM  OF  POKEGAMA  DAM 

BACKGROUND 

This  erosion  problem  was  identified  by  a  local  citizen  at  a  recrea¬ 
tion  study  workshop  held  in  the  study  area  in  September  1976.  A  brief 
review  of  office  files  and  a  field  inspection  of  the  affected  area 
determined  that  this  problem  dates  back  to  the  early  1900' s  when 
flowage  easements  were  obtained  on  river  lands  downstream  from  Pokegama 
Dam.  The  landowners  claim  that  the  Government  acquired  flowage  ease¬ 
ments  in  the  area  surrounding  their  property  but  not  for  the  area  in 
question. 

The  affected  area  is  about  10  miles  downstream  from  Pokegama  Dam 
near  the  town  of  Blackberry.  The  problem  involves  several  loops  of 
the  Mississippi  River  which  have  experienced  channel  location  changes. 
According  to  the  landowners,  the  problem  took  on  damaging  proportions 
in  1962  when  the  first  of  three  threatened  oxbows  was  cut  off  by  a 
newly  formed  channel.  The  cutoffs  effectively  destroyed  the  use  of  the 
lands  for  pasture  as  the  Mississippi  River  channel  is  too  deep  for 
cattle  to  wade.  At  present,  one  40-  and  one  2-acre  loop  have  been  cut 
off  and  another  40-acre  loop  is  threatened.  The  District  has  maintained 
that  the  channel  changes  are  not  the  result  of  the  headwaters  lakes 
operations . 

GEOLOGY  AND  SOILS 

No  formal  subsurface  investigations  were  conducted  for  the  study 
of  this  problem.  A  general  classification  for  soils  found  in  this  area 
would  probably  be  coarse  to  fine  textured  forest  soils  and  organic  soils 
of  glacial  lake  plains.  The  soils  are  similar  to  those  found  along  the 
Mississippi  River  approximately  100  miles  downstream  and  just  upstream 
of  Aitkin.  There  the  entire  area  consists  primarily  of  sandy  clays 
overlain  by  1  to  2  feet  of  organic  clays. 
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HYDROLOGY  AND  HYDRAULIC  STUDIES 


Problems  identified  by  an  affected  landowner  include  (1)  shoreline 
erosion,  (2)  meandering  of  the  Mississippi  River  causing  channel  changes 
and  loss  of  usable  land  for  pasture,  and  (3)  lack  of  flowage  easements 
on  the  landowner's  property.  The  analysis  was  directed  toward  assessing 
the  possible  effects  of  Pokegama  Dam  on  problems  (1)  and  (2).  Problem  (3) 
is  primarily  a  legal  question;  research  has  confirmed  that  no  flowage 
easements  were  ever  obtained  by  the  Federal  Government  on  the  affected 
landowner's  property. 

Several  aerial  photographs  and  survey  maps  were  used  in  an 
analysis  of  the  problem  development.  A  detailed  1898-1900  Mississippi 
River  Commission  Map  (No.  244),  a  1939  aerial  photograph,  a  1966  I'.S. 
Geological  Survey  7.5-mile  quadrangle  map,  and  a  1976  aerial  photograph 
all  show  the  affected  area  in  detail.  A  composite  overlay  plate  was 
developed  using  the  1898-1900  map  and  the  1976  aerial  photograph  to 
show  the  land  changes  during  these  years.  These  changes  are  •*hown  on 
plate  A-67. 

The  1898-1900  base  map  details  shown  on  plate  A-67  indicate  that 
the  Mississippi  River  changed  course  a  number  of  times  before  1900. 

This  is  reflected  in  the  number  of  oxbow  remnants  and  genera]  twisting 
value  of  the  Mississippi  River  in  this  area.  The  1939  aerial  photograph 
shows  a  progressive  cutting  away  of  the  two  oxbows  that  were  eventual lv 
cut  off  from  the  main  shoreline  by  the  time  of  the  1966  I'.S.  Geological 
Survey  map.  The  two  oxbows  that  were  cut  off  are  shown  on  plate  A-67 
and  total  approximately  40  acres  of  land. 

The  possible  effect  of  Pokegama  Lake  operation  on  causing  or  adding 
to  the  erosion  changes  experienced  in  the  Blackberry  area  was  further 
evaluated.  The  first  approach  was  to  look  at  regulated  versus  natural 
Pokegama  Lake  outflows.  The  second  approach  was  to  look  at  what  effect 
perimeter  dikes  around  Pokegama  Lake  may  have  had  on  forcing  higher 
flows  through  the  Blackberry  channel  area.  The  third  approach  was  to 
look  at  the  possible  increased  affinity  of  Mississippi  River  water  to 
pick  up  and  transport  suspended  sediment. 
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First  Approach 


Plates  A-68  through  A-71  show  the  natural  and  regulated  outflow 
from  Pokegama  Dam  during  several  recent  high  years  of  record  in  1962, 
1966,  1969,  and  1975.  Although  Pokegama  Dam's  regulated  outflow  in 
1962  was  slightly  higher  than  natural  outflow  in  1962,  it  was  consider¬ 
ably  below  the  natural  outflow  in  1966,  1969,  and  1975.  Little  advance 
warning  was  available  for  the  late  summer  flood  in  1962,  compared  with 
1969  when  the  spring  flood  was  anticipated,  requiring  advance  flow 
releases  from  Pokegama  Dam.  The  differences  between  natural  and 
regulated  flows  for  Pokegama  Dam  for  a  particular  flood  year  generally 
relate  to  the  size  of  the  flood,  the  warning  time  available  before  an 
impending  flood,  and  the  ability  of  the  upstream  lakes  (Winnibigoshish 
and  Leech  Lakes)  to  store  excess  flows.  Plates  A-68,  A-69,  and  A-71 
indicate  that  Pokegama  Dam  is  not  a  factor  contributing  to  the  erosion 
and  loss  of  oxbows  experienced  in  the  area. 

Second  Approach 


Plate  A-72  shows  the  location  of  the  Blackberry  erosion  area, 
Pokegama  Dam,  and  Hale  Lake  dikes  area.  The  dikes  were  constructed  on 
the  east  end  of  Pokegama  Lake  by  the  Federal  Government  in  the  early 
1900' s.  The  dikes  prevented  high  water  levels  from  overflowing  into 
natural  watercourses  and  bypassing  Pokegama  Dam.  The  dikes  forced  the 
drainage  that  would  have  bypassed  the  Blackberry  erosion  area  to  flow 
through  Pokegama  Dam  and  the  Blackberry  area. 

Evaluation  of  available  information  on  these  dikes  indicates  that 
the  water  level  in  Pokegama  Lake  would  have  had  to  exceed  elevation 
1273.42  (9.0-foot  stage)  before  it  could  have  started  flowing  through 
the  old  natural  channels  that  are  now  diked  off.  Pokegama  Lake  would 
have  been  discharging  3,400  cfs  or  more  at  Grand  Rapids  at  that 
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elevation  of  overflow.  The  Mississippi  River  lowlands  would  already 
be  flooded  from  this  flow  and  would  be  further  inundated  by  runoff 
from  the  Prairie  River  which  has  a  530-square  mile  drainage  area 
(compared  to  a  Mississippi  River  drainage  area  of  3,265  square  miles 
above  Pokegama  Dam) . 

Third  Approach 


A  preliminary  analysis  was  made  of  the  Mississippi  River  water 
quality  upstream  and  downstream  of  the  Blackberry  area  using  water 
quality  data  from  several  recent  reports  published  by  the  Minnesota 
Pollution  Control  Agency.  The  water  quality  monitoring  locations  are 
shown  on  plate  A-73,  and  a  list  of  average  and  maximum  suspended  solid 
and  turbidity  at  these  river  locations  is  shown  in  the  following  ta  le 
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Mississippi  River  -  water  quality 


Location 
(river 
mile) 


(1) 


Description 


Total 
suspended 
solids  (mg/1) 


Turbidity 
(JTU) 


(2) 


Maximum  Average  Maximum 


UM-1365 

Bridge  on  State  Highway 

200  one-half  mile  north 
of  Lake  Itasca 

UM- 1292 

Bridge  on  County  State 

Aid  Highway  8  east  of 
Bemidji 

5.05 

18.0 

2.35  17.0 

UM-1186 

Bridge  on  State  Highway  6 
southwest  of  Cohasset 
(Pokegama  Dam  is  at 
approximately  mile  1184) 

6.5 

32.0 

3.11  32.0 

UM- 1172 

County  Road  441  bridge 

5  miles  southeast  of 

Grand  Rapids  (below 

Pokegama  Dam) 

7.94 

16.0 

4.22  7.60 

UM-1178 

Mouth  of  Prairie  River 

Not 

avai labl e 

Not  available 

Black¬ 

berry 

area 

Approximately  mile  1169 
to  1168 

Mot 

aval  Table 

Mot  available 

SW-1 

Bridge  on  State  Highway  65 
at  Jacobson 

6.9 

20 

3.7  7.8 

UM- I 137 

Bridge  on  State  Highway 

12.0 

38.0 

7.0  30.0 

200  at  Jacobson,  approxi¬ 
mately  one-half  mile 
downstream  from  Swan 
River  mouth 


(1)  UM  =  Upper  Mississippi. 

SW  =  Swan  River. 

(2)  Values  listed  are  averages  from  a  variable  number  of  reports  for 
1  vear. 

SOURCE:  The  Water  Quality  Management  Plan  -  Volume  IT,  1975,  Minnesota 

Pollution  Control  Agency. 
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The  water  quality  of  the  Mississippi  River  and  tributaries  in 
the  Grand  Rapids  to  Jacobson  reach  generally  ranges  from  good  to 
excellent  according  to  the  Minnesota  Pollution  Control  Agency's 
1975  and  1976  Water  Quality  reports.  The  suspended  solids  and 
turbidity  values  shown  in  the  previous  table  are  compared  with  tin- 
following  effluent  standards  for  point  discharges  established  by  t  in- 
Minnesota  Pollution  Control  Agency. 


Effluent  standards  for  point  discharges  . ^ . 

Limitations''"''' 


Parameter 


Water  pollution  control  regulations 
Chapters  Chapter  Chapter 

14  and  15  28  29 


Total  suspended  solids  (mg/1)  (2)  30  30 

Turbidity  (JTU)  25  25  25 


(1)  Effluent  limitations  for  discharges  are  specified  in  the  State 
water  pollution  control  regulations  -  chapter  14,  intrastate  waters; 
chapter  15,  interstate  waters;  chapter  28,  the  Mississippi  River 
above  Grand  Rapids;  and  chapter  29,  the  Mississippi  River  from  Grand 
Rapids  to  the  mouth  of  the  Rum  River. 

(2)  Standards  must  be  at  least  as  stringent  as  30  mg/1  and  no 
more  stringent  than  5  mg/1. 

A  definition  of  "suspended  solids”  and  "turbidity"  and  their 
application  to  an  erosion  process  are  described  in  the  following 
paragraphs. 


Suspended  Solids  (total  nonf ilterable  residue).  -  In  natural  waters, 
suspended  solids  consist  of  erosion  silt,  organic  detritus,  and 
plankton.  Man's  activities,  however,  alter  and  augment  the  suspended 
solids  in  surface  water  by  discharge  of  liquid  wastes  from  conmunitie 
and  industries,  gravel  washings,  iron  mine  wastes,  and  dust  blown 
into  streams.  Suspended  solids  are  the  main  cause  of  turbidity  and 
discoloration  in  water,  although  there  often  is  not  a  direct  rorrelai 
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The  discoloration  is  aesthetically  offensive  and  in  highly  turbid 
waters  restricts  the  penetration  of  sunlight,  which  reduces  the  pro¬ 
duction  of  oxygen  by  photosynthesis.  In  large  amounts,  suspended 
solids  interfere  with  many  industrial  processes.  They  also  affect 
aquatic  organisms  by  blanketing  stream  or  lake  bottoms,  spawning 
beds,  or  other  desirable  bottom  area.  Suspended  solids  may  kill  fish 
and  shellfish  by  causing  abrasive  injuries  and  by  clogging  gills  and 
respiratory  passages. 

Turbidity.  -  The  turbidity  of  water  is  attributable  to  suspended  and 
colloidal  matter,  which  disturbs  clearness  and  diminishes  the  pene¬ 
tration  of  light.  It  is  a  measure  of  the  extent  to  which  the  intensity 
of  light  passing  through  the  water  is  reduced  by  the  suspended 
colloidal  matter.  Turbidity  may  be  caused  by  microorganisms  or 
organic  detritus;  silica  or  other  mineral  substances,  including  zinc, 
iron,  and  manganese  compounds;  clav  or  silt;  industrial  and  municipal 
wastes;  and  natural  erosion  products.  High  turbidity  is  aesthetically 
undesirable  in  drinking  water  supplies  or  water  used  for  recreation 
activities.  It  interferes  with  industrial  processes  such  as  laundries, 
laundering,  bottling  beverages,  brewing,  production  of  textiles,  and 
production  of  pulp  and  paper.  At  very  high  concentrations,  it  is 
lethal  to  fish  life.  Turbidity  modifies  the  temperature  structure  of 
ponds  and  interferes  with  biological  productivity. 

Evaluation  of  the  water  quality  data  available  at  six  locations  on 
the  Mississippi  River  from  Lake  Itasca  to  Jacobson  indicates  that  the 
Mississippi  River  5  miles  southeast  of  Grand  Rapids,  at  the  County 
Road  441  bridge,  is  only  I  part  per  million  higher  in  suspended  solids 
and  turbidity  than  the  Mississippi  River  near  State  Highway  6,  southwest 
of  Cohasset  (upstream  of  Pokegama  ham).  This  indicates  that  no  un¬ 
natural  sediment  "pickup"  occurs  downstream  of  Pokegama  Dam  and  in  the 
nearby  Blackberry  area. 
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The  suspended  solids  and  turbidity  are  50  and  75  percent  higher, 
respectively,  at  the  Jacobson  location,  approximately  47  miles  down¬ 
stream  from  Pokegama  Dam,  than  at  the  County  Road  441  bridge  just 
upstream  from  the  Blackberry  erosion  area.  The  increase  in 
suspended  solids  and  turbidity  appears  to  result  from  point  and  nonpoint 
source  discharges  into  the  Mississippi  River  and  its  tributaries  in  the 
area  from  Grand  Rapids  to  Jacobson  and  farther  downstream.  Typical 
examples  of  point  source  discharges  are  from  those  wastewater  treatment 
plants  and  iron  mines.  Examples  of  nonpoint  source  discharges  are 
natural  erosion,  runoff  from  agricultural  lands,  and  other  unknown 
sources. 

The  increase  in  turbidity  for  the  reach  of  the  Mississippi  River 
within  Minnesota  is  shown  on  the  following  computer  plot  taken  from 
the  Minnesota  Pollution  Control  Agency  1976  Water  Quality  Inventory 
report,  section  305(b). 
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COST  ESTIMATE 


Cost  estimates  were  developed  for  a  structural  plan  to  restore 
40  acres  of  land  previously  lost  for  pasture  in  the  Blackberry  area 
and  to  protect  another  40-acre  loop  that  could  be  cut  off  in  the 
future.  The  cost  estimates  and  benefits  for  recovering  lost  access 
and  for  protecting  threatened  access  are  shown  in  the  following  table. 
Neither  plan  is  economically  feasible. 


Detailed  estimate  of  construction  costs 

Total  cost 


Item  Unit  Ouantitv 

Unit 

rn.qf 

1977 
nri ces 

(6  5/8/0 

1481 
indexed 
nri ces 
i  (7  5/8;: 

Restore  40  acres  of  pasture 

First  cost 

Fill  CY  2,190 

$3.00 

$6,570 

_ 

Riprap  CY  410 

20.00 

8,200 

_ 

Contingencies 

1,485 

- 

Engineering  and  design 

1,100 

Supervision  and  administration 

1,100 

- 

Total  first  cost 

18,455 

$24,750 

Annual  costs 

Annualized  first  cost*'1) 

1,300 

1,900 

Operation  and  maintenance 

700 

o 

o 

Total  annual  costs 

2,000 

2,900 

(2) 

Total  annual  benefitsv  ' 

800 

1,100 

Benefit-cost  ratio 

0.41 

0.  38 

Protect  40  acres  of  wooded  pasture 

First  cost 

Fill  CY  2,270 

3.00 

6,810 

Riprap  CY  235 

20.00 

4,700 

_ 

Contingenc ies 

1  ,050 

- 

Engineering  and  design 

900 

_ 

Supervision  and  administration 

900 

- 

Total  first  cost 

14,  360 

19,250 

Annual  costs 

Annualized  first  cost 

1  ,000 

- 

Operation  and  maintenance 

570 

- 

Total  annual  costs 

!  ,  >70 

2,290 

Total  annual  benefits^) 

800 

1  ,  .00 

Benefit-cost  ratio 

0.  31 

Cl.  aS 

(1)  30- voar  proiert  life. 

(2)  Preliminary  annual  benefits  were  derived  using 

es t ima  t ed 

value  of  $20  per  acre  which  is  the  current  estimated 

value  of 

t  he 

riverine  area  for  pasture  purposes. 


v-v-if ‘of  :>  Action 


per 
:  r .  i  r 


i  ,■  .1 1  1  v  feasible  solution  was  identified  for  the  problem 
ted  downstream  of  Pokegaraa  Ham  near  Blackberry.  No  structural 
are  recommended  for  this  at  ea  whicl  ,  over  the  past  20  years, 
i enced  several  channel  changes  determined  to  be  part  of 
iver  processes.  No  additional  study  of  this  problem  is 


'■emended  > 


F  SUMMARY 


I  tem 


K ’ a i cherry  Area  erosion. 


Flee.:  hydrograph  1962. 

Flood  hydrograph  1966. 

Flood  hydrograph  1969. 

Flood  hydrograph  1971. 

•General  location  map. 

Water  quality  monitoring  network. 
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PLATE  A-78 


SUNKEN  LAKE 
NATURAL  AREA 


KNUTSON  DAM 


MISSISSIPPI 


WINNIBIGOSHISH 


WINNIBIGOSHISH  DAM 


PROPOSED  DREDGING 
LEECH  LAKE  INLET 


LEECH  LAKE  DAM 


PROPOSED  MARSH 
RESTORATION  AREA 


LEECH 

LAKE 


PROPOSED  SUGAR 
'POINT  BOG 
SUBIMPOUNDMENT 


MUD  LAKE  DAM 


PINE  POINT 
NATURAL  AREA 


DAM  S'  T  E 
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PLATE  A-79 


PROBLEM  4  -  WHITE  OAK  LAKE  WATER  LEVELS 


BACKGROUND 

At  public  meetines  in  the  1960's,  local  interests  in  the  head¬ 
waters  lakes  area  indicated  that  low  and  fluctuating  water  levels  in 
the  White  Oak  Lake  area  had  detrimental  effects  on  wild  rice,  fish, 
and  wildlife. 

In  the  late  1960's  and  early  1970's,  the  St.  t’aul  District  studied 
the  feasibility  of  constructing  a  dam  at  Days  High  Landing  (mile  1201.8 
above  the  mouth  of  the  Ohio  River).  The  dam  would  control  water  levels 
in  the  White  Oak  Lake  area,  downstream  from  the  confluence  of  the 
Leech  Lake  and  Mississippi  Rivers,  and  upstream  from  Pokegama  Lake. 

An  interim  feasibility  report  dated  21  March  1972  found  the  project 
economically  feasible  and  recommended  that  the  United  States  undertake 
construction  of  the  dam. 

The  State  of  Minnesota  did  not  support  the  project,  however,  claim¬ 
ing  insufficient  data,  primarily  detailed  topography,  prevented  an 
accurate  appraisal  of  project  benefits.  The  report  was  returned  to  the 
St.  Paul  District  in  1975  for  further  cons  ider.it  ion  with  the  State  of 
Minnesota.  Mo  further  study  was  aecom;  I i sited  the  proposed  Days  High 
Landing  Dam  due  to  lack  of  funding.  Plato  A-74  shows  the  location  of  the 
proposed  Days  High  Landing  impoundment  and  related  facilities.  All 
elevations  for  the  Days  High  landing  structure  referred  to  in  this  report 
are  the  same  as  those  in  the  21  March  1972  interim  feasibility  report, 
and  are  in  U.S.  Engineer  Datum  rather  than  1929  adjustment.  The  1929 
adjustment  mean  sea  levels  would  he  0.85  foot  lower  than  those  expressed 
in  U.S.  Engineer  Datum. 
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GEOLOGY  AND  SOILS 


Deso r  ipt ion 


The  proposed  Days  High  Landing  dams  it  e  is  located  in  tile  Western 
Lake  section  of  the  Central  Lowlands  physiographic  province.  Locally, 
the  Mississippi  River  occupies  a  shallow  valley  with  a  broad,  marshy 
floodplain.  The  approximately  600-foot-wide  floodplain  at  the  site  is 
one  of  the  narrowest  reaches  of  the  valley.  The  river  flows  south 
in  a  channel  90  feet  wide  at  the  site.  The  channel  is  bounded  on  tin 
northwest  by  a  low,  marshy  floodplai  i.  Southeast  of  the  channel,  tin 
ground  surface  is  slightly  higher  and  covered  with  a  thick  growth  o: 
trees  and  brush.  The  ground  surface  under  the  proposed  embankment  v.o  :■ 
from  a  low  elevation  of  1264.0  in  the  river  channel  to  128). 0  away  :  r. 
the  river.  The  soil  at  the  proposed  damsite  consists  of  a  thin  dip.  •  1 : 
of  recent  alluvium  underlain  by  glacial  drift  which  regional lv  r>;ce<  is 
100  feet  in  thickness.  Precambrian  mot  amorphic  and  igneous  rocks  ,  ip;-.  . 
by  thin  Cretaceous  sediments  underlie  the  glacial  drift  at  a  depth  he!  w 
the  influence  of  the  proposed  structures. 

The  geology  of  the  Days  High  Landing  area  is  influenced  by  both 
glacial  and  alluvial  deposition.  Recent  alluvium  mantles  Liu-  surfa.  . 
at  the  site  and  is  primarily  silty  fine  sand  with  a  maximum  known  thi  - 
ness  of  11.2  fe.-t.  Deposits  of  peat  occur  with  the  alluvia."!  in  low- 
marshy  areas  at  and  upstream  from  the  damsite.  The  gin. ial  deposits 
underlie  the  alluvium  and  are  well  over  100  feet  thick.  The  invest  ig.it  i 
portion  of  these  deposits  consists  of  a  dense,  siltv,  clayey,  and 
gravelly  sand  till  between  approximate  elevations  1270  and  1246.  The  till 
is  underlain  by  a  sand  bed  of  undetermined  thickness.  Two  water  bear  in.- 
zones  are  present  at  the  site.  The  upper  zone  is  restricted  to  t he 
alluvium  where  the  water  level  is  close  to  the  ground  surface.  The  low.  r 
zone  is  the  sand  underlying  the  till.  Water  in  the  lower  zone  is  confined 
under  artesian  pressure  by  the  overlving  impervious  till.  In  .l.inuarv 
1966  the  piezometric  surface  of  the  artesian  water  was  between  elevations 
1286.0  and  1290.6.  Bedrock  is  deep-v  buried  under  t  lie  glaeial  deposits 
and  is  well  below  the  inlluenoe  of  lie  proposed  struetures. 
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A1  luvium 

The  alluvium  consists  primarily  of  median  dense,  silty  fine  sand 
with  deposits  of  peak  in  the  marshy  area  northwest  of  the  ri'.er  channel. 
The  maximum  thickness  of  alluvium  encountered  in  the  borings  taken 
was  11.2  feet.  The  alluvium  is  characterized  ov  a  high  groundwater 
surface  which  coincides  with  the  ground  surfa< e  in  the  marshy  areas. 

Glacial  Deposits 


The  glacial  deposits  were  identified  by  Dr.  George  >1.  Schwartz, 
Consulting  Geologist,  in  a  detailed  1965  report  on  the  geology  of  the 
site.  The  glacial  deposits  are  well  consolidated  in  that  they  were 
covered  after  deposition  by  two  later  glaciations  and,  thus,  are  sub¬ 
jected  to  considerable  compaction.  Two  glacial  units  were  identified 
at  the  site.  The  upper  unit  is  a  very  dense  till  which  consists  of 
clayey,  silty,  gravelly  sand.  The  unit  is  impervious  and  has  a  low 
natural  moisture  content.  The  till  acts  at  an  impervious  barrier  that 
prevents  downward  percolation  of  water  from  the  overlying  alluvium. 

The  til!  extends  to  approximately  elevation  1245.0  where  it  is  under¬ 
lain  hv  a  sand  be  !  of  ui  determined  thickness.  The  sand  is  dense  and 
was  apparently  derived  from  glacial  till  hv  sorting  action.  Water 
in  the  sand  is  confined  under  artesian  pressure  by  the  overlying  im¬ 
pervious  till.  :  :•  I'tu  •  v  l(h)5  the  piezometric  surface  of  the  artesian 
water  was  between  <•!•••.  it  nets  1285.0  and  1290. 0. 

Design  ( lot  is  i  dc  r.  its  >ns 

The  proposed  control  structure  would  be  founded  in  the  dense 
glacial  till.  The  till  is  eonsidered  to  have  adequate  strength  to 
support  the  structure  due  to  its  high  degree  of  consolidation.  Plac¬ 
ing  the  structure  on  piling  was  considered  inadvisable  since  penetration 
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of  the  till  with  piling  could  destroy  the  effectiveness  of  the 
till  layer  as  a  confining  bed  for  the  artesian  water  in  the  under¬ 
lying  sand.  Additional  investigation  in  the  area  of  the  control 
structure  would  he  necessary  to  determine  the  thickness  of  the 
artesian  aquifer  and  the  best  method  of  lowering  the  piezometric 
surface  of  the  artesian  water  during  construction  of  the  control 
structure.  Dewatering  of  the  alluvium  voulu  be  necessary  during  con¬ 
struction  of  the  control  structure.  The  maximum  effort  needed  to 
accomplish  the  dewatering  would  be  a  well-point  system  set  to  the  top 
of  the  glacial  till. 

Subsurface  Investigations 

Subsurface  investigations  consisted  of  five  machine  borings 
taken  in  January  1965.  The  borings  varied  in  depth  from  13  to  40  feet, 
and  none  of  the  borings  penetrated  bedrock.  The  location  of  the  drill 
holes  is  shown  on  plate  A- 7 5  and  individual  drill  logs  are  shown  on 
plate  A-76.  A  check  of  existing  water  wells  in  the  immediate  area, 
revealed  that  none  extend  into  bedr'ek.  One  of  the  deeper  wells 
located  6  miles  north  of  the  site  at  Deer  River  ended  in  glacial  drift 
at  a  depth  of  140  feet.  Two  other  shallow  borings  were  taken  in  a 
nearby  low  area  but  are  not  shown  since  field  surveys  taken  later 
revealed  that  this  area  would  not  ho  flooded. 

Lab o r a t o ry  Investigation 


Laboratory  tests, except  for  one  sieve  analvsis,  were  conducted 
on  selected  boring  samples  at  the  North  Central  Division  Soils 
Laboratory,  Corps  of  Engineers,  Chicago,  Illinois.  All  samples  re¬ 
ceived  a  minimum  of  laboratory  visual  el  ass i t i cat  lei  .  In  addition, 
many  selected  samples  received  tests  such  as  At terberg  limits,  sieve 
analysis,  and  moisture  content  determination.  One  "Q"  triaxial  test  and 
one  consolidation  test  w, re  performed  on  an  undisturbed  sample  trom 
boring  65- 2M  taken  below  the  bottom  elevation  of  the  proposed  structure. 
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Analysis  of  the  borings  reveals  that  an  upper  layer  of  alluvial 
material  of  varying  thickness  overlies  a  dense  glacial  till.  This 
layer  consists  primarily  of  a  silty  sand  (SM)  containing  15  to  40 
percent  material  passing  the  No.  200  sieve.  A  layer  of  peat  (Pt) 
up  to  12  feet  thick  was  encountered  in  boring  65-3M.  This  deposit 
of  peat  and  marsh  mud  occurs  on  the  right  bank  of  the  existing  river 
channel  and  extends  back  from  the  bank  for  75  to  400  feet.  A  layer 
of  clay  having  the  borderline  classification  of  CL-CH  was  encountered 
6  feet  below  the  ground  surface  in  boring  65-5M,  about  400  feet  south¬ 
east  of  the  left  bank  of  the  river.  This  boring  should  be  fairly 
representative  of  foundation  conditions  on  the  left  bank  of  the  river. 
The  glacial  till  underlying  the  alluvial  blanket  and  overlying  the 
artesian  sand  aquifer  varies  in  depth  from  10  to  25  feet.  This  layer 
consists  of  a  dense  mixture  of  sandy  clays,  silty  or  clayey  sands,  and 
gravels.  In  most  cases,  the  sands  or  gravels  have  the  borderline 
classification  of  SC-SM  or  GC-GM. 

Three  borings  (65-1M  through  65-3M)  tapped  a  sand  layer  which  pro¬ 
duced  an  artesian  head  of  from  40  to  45  feet.  The  net  head  above  ground 
surface  varied  from  6.2  to  13.1  feet.  The  probable  sources  of  this 
water  pressure  are  the  morainic  areas  to  the  northeast  and  southwest 
where  the  ground  elevation  rises  about  400  feet  above  that  at  the  site. 
Springs  are  common  along  and  near  the  river  in  the  surrounding  area 
but,  in  view  of  the  impervious  nature  of  the  till,  it  is  believed  that 
the  springs  are  fed  by  water  seeping  through  lenses  of  pervious  material 
near  the  ground  surface  and  not  from  the  sand  aquifer  in  the  till.  The 
thickness  of  the  sand  aquifer  was  not  established  by  the  borings  be¬ 
cause  of  the  high  heads  developed. 

Dewatering 


The  major  construction  problem  anticipated  at  the  proposed  site 
would  be  dewatering  the  foundation  soils  for  placement  of  the  control 
structure  and  that  portion  of  the  embankment  fill  below  the  water  table. 
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Based  on  available  information,  groundwater  conditions  at  the  site 
would  require  two  separate  dewatering  stages.  The  first  stage  would 
be  dewatering  of  the  upper  layer  of  silty  sand  and  peat  to  permit 
placement  of  the  foundation  concrete  and  the  earth  portions  of  the 
dam  in  the  dry.  Concurrently,  a  second  stage  would  be  needed  to 
reduce  and  control  the  pressure  heads  generated  in  the  sand  aquifer 
underlying  the  glacial  till.  Preliminary  calculations  show  that 
some  relief  of  artesian  pressure  would  be  required  to  prevent  heaving 
during  excavation  for  the  control  structure.  When  the  concrete  struc¬ 
ture  was  in  place,  the  dead  load  of  the  structure  would  compensate 
for  the  uplift.  Both  dewatering  problems  could  be  effectively  solved. 
Further  study  would  permit  detailed  design  of  the  dewatering  measures. 

Earth  Dam 


A  rolled-fill  earth  dam  with  top  elevation  at  1283.0  is  proposed 
across  the  river  channel  and  floodplain.  The  dam  would  tie  into  the 
proposed  control  structure  and  extend  900  feet  southeast  to  high 
ground.  The  embankment  fill  would  consist  of  compacted  impervious 
material  having  a  top  width  of  11  feet  and  side  slopes  of  1  on  3. 

The  upstream  slope  would  be  protected  with  12  inches  of  riprap  over- 
lying  6  inches  of  filter  for  400  feet  from  the  control  structure.  The 
top  and  balance  of  the  slopes  would  be  protected  by  sod  established 
by  seed  and  6  inches  of  topsoil.  Mandatory  disposal  fill  to  elevation 
1276.0  would  be  required  downstream  and  upstream  from  the  embankment 
fill  in  the  area  of  the  river  channel.  Plan  and  sections  of  the  em¬ 
bankment  are  shown  on  plates  A-75  and  A-76. 

A  layer  of  swamp  muck  and  peat  with  an  average  thickness  of  10  feet 
would  be  removed  from  within  the  embankment  and  control  structure  limits. 
All  organic  material  removed  would  be  replaced  with  compacted  impervious 
fill.  This  area  and  the  area  of  the  control  structure  foundation  would 
be  dewatered  by  a  combination  of  well  points,  sumps,  and  earth  cofferdams 
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Part  of  the  embankment  fill  adjacent  to  the  structure  would  be  placed 
concurrently  with  the  concrete  within  the  first-stage  cofferdam  and  with 
the  water  flowing  in  the  existing  channel.  Then,  a  second-stage 
cofferdam  would  be  constructed  around  the  old  channel  bottom  with  the 
river  flowing  through  the  completed  control  structure.  This  would 
allow  completion  of  the  peat  excavation  and  placement  of  the  embankment 
fill  in  the  dry.  The  top  12  inches  under  the  remainder  of  the  embank¬ 
ment  would  be  stripped  to  remove  all  growth  and  organic  materials. 

Control  Structure  and  Channels 

The  proposed  control  structure  and  channels  would  be  located  in 
the  floodplain  about  400  feet  northwest  of  the  river  channel.  The  struc¬ 
ture  would  be  constructed  of  reinforced  concrete  founded  on  a  spread 
footing  located  in  the  glacial  till  about  16  feet  above  the  artesian 
zone.  A  shallow  approach  channel  approximately  1,200  feet  long  and 
164  feet  wide  would  be  excavated  from  the  upstream  river  channel  to 
the  control  structure.  Downstream  from  the  structure  a  1,000-foot-long 
channel  with  a  164-foot  bottom  width  would  convey  the  water  back  to 
the  river.  No  slope  protection  is  proposed  on  the  1  on  3  side  slopes 
because  of  the  low  velocities  of  the  river.  A  typical  section,  bottom 
profile,  and  plan  of  the  channels  are  shown  on  plate  A-75.  A  majority 
of  the  channel  excavation  is  expected  to  be  peat  and  soft  organic 
materials.  These  materials  would  be  used  as  disposal  fill  for  the 
existing  river  channel.  All  suitable  material  from  the  channel  excava¬ 
tion  would  be  used  in  the  embankment  or  access  road  fill. 

Stability  and  Settlement 

The  stability  and  settlement  of  the  proposed  structures  were  not 
checked  for  this  report.  The  results  of  the  "Q"  test,  0  =  19°-30'  and 
c  =  1,200  psf  (pounds  per  square  foot),  and  the  high  blow  counts  recorded 
on  the  boring  logs  indicate  that  the  foundations  soils  have  ample  strength 
for  the  proposed  loading.  The  results  of  the  consolidation  test  indicate 
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that  the  soil  is  underconsolidated.  These  results  are  in  contrast  to 
the  geologic  history  of  the  area  and  the  existing  high  dry  density 
of  130. A  pcf  (pounds  per  cubic  foot).  Apparently,  the  high  percentage 
of  sand  in  the  sample  has  affected  the  shape  of  the  e-log,  p-curve. 
Additional  investigations  and  testing  would  be  required  before  making 
further  predictions  of  stability  and  settlement. 

Construction  Material 

Some  suitable  fill  material  for  the  embankment  fill  would  be  ob¬ 
tained  from  the  proposed  channel  excavation.  The  balance  of  the  material 
needed  would  be  obtained  from  a  borrow  area.  Adequate  borrow  may  be 
obtained  within  one-half  mile  of  the  proposed  damsite.  Filter  gravel, 
riprap,  and  concrete  aggregate  may  be  obtained  from  commercial  plants 
at  Duluth  or  St.  Cloud.  Detroit  Lakes  has  a  commercial  plant  which  is 
an  approved  source  of  concrete  aggregate.  Riprap  may  also  be  obtained 
from  a  quarry  located  between  Cohasset  and  Grand  Rapids  or  from  the 
Pittsburg  Pacific  Company  of  Crosby. 

HYDROLOGY  AND  HYDRAULIC  STUDIES 

The  operation  of  the  headwaters  lakes  has  been  revised  at  various 
times  since  the  construction  of  the  dams.  Only  since  1943  have  the 
lakes  been  operated  under  the  present  Corps  of  Engineers  plan  of 
operation.  Therefore,  the  available  records  of  discharge  and  stage 
represent  various  regulated  conditions.  To  obtain  uniform  results, 
the  records  were  modified  to  reflect  conditions  that  would  have  oc¬ 
curred  under  the  present  Corps  of  Engineers  plan  of  operation.  At 
Days  High  Landing,  only  limited  discharge  records  for  the  years  1945-50 
are  available.  Therefore,  the  high  discharge-frequency  curve  is  based 
on  computed  annual  mean  daily  discharges  for  the  years  1930-61  that 
reflect  the  present  Corps  of  Engineers  plan  of  operation.  The  annual 
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stage  hydrographs  at  Willow  Beach,  White  Oak  Point,  and  Days  High 
Landing  are  available  for  the  years  1943-61.  The  high  and  low 
stage-frequency  curves  developed  for  Willow  Beach,  White  Oak  Point, 
and  Days  High  Landing  are  for  June  and  July  according  to  current 
operating  procedures. 

High  Discharge-Frequency  Curve 

The  high  discharge-frequency  curve  at  Days  High  Landing  was 
developed  for  the  years  1930-61  and  adjusted  to  77  years  of  records, 
1885-1961.  The  curve  is  plotted  graphically  from  Beard's  table 
of  plotting  positions  as  published  in  "Statistical  Methods  in  Hydrology" 
by  Leo  R.  Beard,  January  1962.  The  flows  at  Days  High  Landing  are  com¬ 
puted  mean  daily  flows  that  reflect  the  present  Corps  of  Engineers  plan 
of  operation.  The  curve  shows  that  the  design  flood  of  4,000  cfs  has 
a  45-year  frequency  and  that  a  discharge  of  6,000  cfs  would  be  a 
very  rare  flood.  The  high  discharge-frequency  curve  for  conditions 
at  Days  High  Landing  is  included  on  plate  A-77. 

High  Stage-Frequency  Curves 

The  high  stage- frequency  curves  for  June  and  July  at  Days  High 
Landing,  White  Oak  Point,  and  Willow  Beach  were  developed  for  the 
years  1943-61  and  adjusted  to  32  years  of  computed  stage  records 
(1930-61).  The  curves  are  plotted  graphically  from  Beard's  table  of 
plotting  positions.  The  stages  at  the  three  locations  are  peak 
recorded  stages  for  current  operating  procedures  for  June  and  July, 
adjusted  to  longer  term  computed  records  and  then  adjusted  to  reflect 
the  present  Corps  of  Engineers  operation  plan.  The  three  high  stage- 
frequency  curves  for  the  Pokegama  flowage  are  included  on  plate  A-78. 

The  curve  at  White  Oak  Point  shows  that,  on  an  annual  basis,  the  eleva¬ 
tions  of  1277.3,  1278.0,  1278.5,  and  1279.0  would  be  exceeded  25,  15,  10, 
and  6  percent  of  the  years,  respectively.  The  percentages  are  based  on 
conditions  prevailing  with  all  stop  logs  removed. 


Low  Stage-Frequency  Curves 


The  low  stage-frequency  curves  for  June  and  July  at  Days  High 
Landing,  White  Oak  Point,  and  Willow  Beach  were  developed  for  current 
operating  procedures  for  the  years  1943-61  and  adjusted  to  32  years 
of  computed  stage  records  (1930-61).  The  curves  are  plotted 
graphically  from  Beard’s  table  of  plotting  positions.  The  stages 
at  the  three  locations  are  low  stages  for  June  and  July,  obtained 
from  the  records  and  adjusted  to  computed  records  which  reflect  the 
present  Corps  of  Engineers  operation  plan.  The  three  low  stage- 
frequency  curves  for  the  Pokegama  flowage  are  included  on  plate  A-79. 

Hydrology  and  Hydraulics  of  the  Dam 

The  drainage  area  above  the  proposed  dam  and  below  the  Winnibigo- 
shish  and  Leech  Lake  Dams  is  about  570  square  miles.  About  128  square 
miles  of  this  area  is  in  the  Deer  River  tributary  and  would  drain 
directly  into  the  proposed  pool. 

The  dam  at  Days  High  Landing  would  control  water  surface  levels 
in  the  vicinity  of  White  Oak  and  Little  White  Oak  Lakes  during  low 
stages  in  the  Pokegama  pool.  The  dam  would  be  on  the  main  stem 
of  the  Mississippi  River  upstream  from  the  bridge  on  Itasca  County 
Road  18  at  Days  High  Landing.  The  stop-log  structure  would  have  six 
bays  of  stop  logs  and  one  sluice  gate  bay  with  the  sill  of  the  dam  at 
elevation  1266.0.  A  concrete  control  section  would  be  built  across 
a  new  channel  on  the  right  riverbank  with  a  service  bridge  over  the 
structure  and  tieback  levees  on  the  right  and  left  banks  and  crossing 
the  natural  river  ctemnel.  The  control  structure  with  all  stop  logs 
removed  would  have  the  capacity  to  pass  a  discharge  of  3,000  cfs  with 
a  loss  of  head  of  0.09  foot  with  a  6-foot  stage  at  Pokegama  Dam. 

With  a  stage  increase  to  12  feet  at  Pokegama  Dam,  the  structure  would 
pass  2,000  cfs  with  a  loss  of  head  of  0.04  foot  with  all  the  stop  logs 
removed.  For  both  of  these  discharges  and  stages,  the  water  level  at 
White  Oak  Point  could  be  maintained  at  1279.0,  the  upper  reasonable 
elevation  of  the  pool  and  the  normal  design  condition  for  the  dam. 


As  the  discharges  at  Days  High  Landing  increase  and  the  stages  at 
Pokegama  Dam  increase,  the  effect  of  the  structure  would  decrease 
and  backwater  effects  upstream  at  Willow  Beach  caused  by  the  dam 
would  approach  a  minimum. 

A  study  was  conducted  on  flow  records  from  1930-61  adjusted  for 
current  operating  procedures  to  determine  the  ability  of  the  structure 
to  maintain  stable  water  levels  in  the  pool  at  elevations  between 
1274.0  and  1279.0.  Under  present  Corps  of  Engineers  operation  of  the 
headwaters  lakes,  an  elevation  of  1277.3  at  White  Oak  Point  would  have 
been  exceeded  by  over  one-half  foot  during  June  and  July  in  about 
18  percent  of  the  years.  Elevations  of  1278.0,  1278.5,  and  1279.0 
at  White  Oak  Point  could  have  been  maintained  during  June  and  July 
without  an  increase  of  over  one-half  foot  in  90,  94,  and  96  percent  of 
the  years,  respectively.  The  percentages  are  based  on  optimum  operation 
of  the  stop  logs.  They  indicate  that  for  elevations  1277.3,  1278.0, 
1278.5,  and  1279.0  the  dam  would  be  out  of  control  some  time  during  June 
and  July  and  the  control  would  revert  to  Pokegama  Dam  in  18,  10,  6,  and 
4  percent  of  the  years,  respectively.  The  study  of  past  records  also 
indicates  that  during  August  and  September  the  flows  would  be  inadequate 
to  maintain  the  pool  at  elevations  1277.3,  1278.0,  1278.5,  and  1279.0 
in  about  3  percent  of  the  years.  Therefore,  based  on  the  operating 
pool  level  established,  less  than  optimum  conditions  for  wild  rice 
production  would  exist  in  the  pool  between  21  and  7  percent  of  the 
years  that  wild  rice  production  would  be  attempted. 

Purpose  of  Operation  of  Proposed  Days  High  Landing  Dam 

The  plan  of  operation  of  the  Days  High  Landing  Dam  is  based  on 
obtaining  the  maximum  beneficial  use  of  the  lake  for  all  concerned 
by  stabilizing  the  water  levels  in  the  White  Oak  Lake  area.  Preference 
is  given  to  the  requirements  for  improvement  of  natural  resources  with 
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particular  emphasis  on  producing  desirable  conditions  for  wild  rice 
production.  The  present  Corps  of  Engineers  plan  of  operation  for 
Pokegama,  Winnibigoshish,  and  Leech  Lakes  produces  fluctuations  in 
discharge  and  stage  in  the  White  Oak  Lake  area  with  detrimental 
effects  to  wild  rice  production  and  fish  and  wildlife  resources. 

The  dam  at  Days  High  Landing  would  control  the  water  surface  levels 
in  the  vicinity  of  White  Oak  and  Little  White  Oak  Lakes  during  the 
periods  of  normal  flows,  low  flows,  and  low  stages  at  the  Pokegama 
pool.  The  dam  would  be  effective  in  obtaining  a  more  stable  minimum 
level  with  gradual  fluctuations.  Days  High  Landing  Dam  would  have  no 
flood  control  storage  other  than  storage  now  controlled  by  Pokegama 
Dam.  During  high  flows,  the  dam  would  be  wide  open  and  control  would 
revert  to  Pokegama  Dam. 

Effects  of  Proposed  Days  High  Landing  Dam  on  High  Flows 

The  pool  formed  by  a  dam  at  Days  High  Landing  would  have  consider¬ 
able  slope  during  high  flows.  Operation  of  the  proposed  dam  would 
be  correlated  with  the  discharges  from  Winnibigoshish  and  Leech  Lake 
Dams  and  in  conjunction  with  Pokegama  Dam  and  Lake.  During  high  flows, 
all  stop  logs  in  the  proposed  dam  would  be  removed,  if  necessary, 
to  prevent  stages  from  exceeding  elevation  1279.0  at  White  Oak  Point. 
With  all  of  the  stop  logs  removed,  the  control  of  the  pool  would  revert 
to  Pokegama  Dam.  The  pool  level  above  the  proposed  dam  would  then 
depend  on  the  discharge  through  the  pool  and  the  stage  and  discharge 
at  Pokegama  Dam.  As  the  stage  at  White  Oak  Point  receded  to  1278.5,  the 
stop  logs  in  Days  High  Landing  Dam  would  be  replaced  to  maintain  the 
pool  at  approximately  1278.5  and  control  of  the  proposed  pool  would 
revert  back  to  Days  High  Landing  Dam.  During  all  other  nonflood  and 
low-flow  periods,  control  of  the  pool  would  remain  at  the  proposed  dam. 
The  stop  logs  and  discharges  would  be  adjusted  to  keep  fluctuations 
gradual  and  incremental  increases  to  a  maximum  of  one-half  foot. 
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For  1950  and  1952  which  include  the  flood  of  record  and  the  second 
largest  flood,  respectively,  in  the  headwaters  area,  routings  were 
made  through  the  proposed  pool  using  the  current  plan  of  operation 
of  the  headwaters  lakes.  The  routings  show  that  with  the  proposed 
conditions  the  peak  stages  above  elevation  1278.5  at  Days  High 
Landing  and  White  Oak  Point  would  be  unchanged  from  existing  condi¬ 
tions.  The  peak  stages  in  Pokegama  Lake  might  increase  or  decrease 
slightly  because  of  the  small  amount  of  storage  in  the  proposed  pool 
which  would  no  longer  be  released  before  the  initial  flood  rise  or 
stored  during  the  rise  and  recession  of  the  floods.  Peak  discharges 
from  Pokegama  Lake  remain  approximately  the  same  for  preproject  and 
project  conditions.  Four  peaks  from  1950  and  1952  for  preproject 
and  project  conditions  determined  from  the  routings  are  listed  in 
the  following  table. 

_  Flood  peaks,  1950  and  1952 


Elevat  i  o  n 3 _  _ elevations 

Present  Proposed  Present"  Proposed 
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Pokegama  Dam  - 
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127  6.5 

27 
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1277-'* 

1277-7 

upper  gage  23 

Apr 

1276.3 
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27 

July 

1277-2 

1277-5 

Control  of  Water  Level  Fluctuations 


To  obtain  maximum  beneficial  use  of  the  lake,  the  water  level 
fluctuations  must  be  reduced  to  a  magnitude  and  frequency  which  would 
occur  in  marshes  under  natural  conditions.  The  water  level  must  be 
relatively  stable  after  the  spring  runoff  with  no  more  than  one-half 
foot  increase  in  water  level  during  the  floating  leaf  and  flowering 
stages  for  wild  rice  which  occur  in  the  Deer  River  area  from  15  June 
to  15  July.  Also,  decreases  in  stage  must  be  avoided  during  the  wild 
rice  harvest,  usually  about  1  September,  to  enable  canoes  and  flat- 
bottom  boats  to  navigate  in  the  shallow  areas.  The  stop-log  control 
structure  would  require  extensive  operation  from  June  through  September 
to  keep  the  fluctuations  gradual  and  any  increases  or  decreases  in  water 
levels  to  a  maximum  of  one-half  foot.  During  later  studies,  considera¬ 
tion  would  be  given  to  a  movable  crest  (bascule  or  fabric)  or  some 
other  type  of  gated  control  that  might  be  better  adapted  to  the  operat¬ 
ing  requirements  than  a  stop-log  structure.  A  gated  dam  or  a  dam  with 
a  movable  crest  may  be  necessary  because  of  the  need  for  effective 
control  with  only  small  fluctuations  in  stage. 

Backwater  Effects 


The  dam  at  Days  High  Landing  would  control  the  water  surface 
levels  in  the  vicinity  of  White  Oak  Lake  and  Little  White  Oak  Lake 
during  low  stages  in  the  Pokegama  pool  and  during  low  discharges  at 
Days  High  Landing.  Days  High  Landing  Dam  would  not  reduce  the  effec¬ 
tive  storage  of  Pokegama  Lake.  To  be  most  beneficial,  the  Days  High 
Landing  pool  must  be  maintained  at  a  level  that  causes  minimum  backwater 
effects  upstream.  Elevation  1279.0  represents  the  upper  reasonable 
elevation  of  the  pool  at  White  Oak  Point.  At  Deer  River  this  pool 
elevation  would  represent  an  elevation  of  about  1279.0  which  would 
allow  the  sewage  system  for  the  community  to  function  normally. 
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The  existing  dam  at  the  outlet  of  Mud  Lake  stabilizes  t  level  of 
Mud  and  Goose  Lakes.  With  a  discharge  of  1,300  cfs  on  the  Leech  Lake 
River  or  a  discharge  of  1,500  cfs  on  the  Mississippi  River,  the 
control  capacity  or  elevation  1280.5  is  exceeded  at  Mud  Lake  Dam. 

An  elevation  of  1279.0  and  a  discharge  of  400  cfs  at  Days  High 
Landing  would  produce  an  elevation  of  1280.3  at  Willow  Beach  at  the 
mouth  of  the  Leech  Lake  River.  The  elevation  of  1280.3  at  Willow 
Beach  would  be  reached  once  in  about  7  years  during  June  and  July. 

The  dam  is  designed  to  cause  only  minor  adverse  effects  from  backwater 
at  Ball  Club  Lake,  Willow  Beach,  and  Mud  Lake  Dam.  With  a  discharge 
of  4,000  cfs  at  Days  High  Landing  and  a  stage  of  12.00  at  Pokegama 
Dam,  the  backwater  effect  would  be  0.06  foot  at  Willow  Beach  and 
0.10  foot  at  Ball  Club  Lake,  The  following  table  shows  the  backwater 
effect  at  Willow  Beach  caused  by  the  proposed  Days  High  Landing  Dam 
with  a  pool  elevation  of  1279.0  at  White  Oak  Point.  At  maximum  flow 
conditions,  backwater  effects  at  Willow  Beach  would  be  minor,  but  the 
slope  in  the  pool  between  Days  High  Landing  and  Willow  Beach  would  be 
considerable.  The  water  surface  profile  between  Days  High  Landing  and 
Willow  Beach  and  between  Pokegama  Dam  and  Days  High  Landing  under 
natural  conditions  is  shown  on  plate  A-80. 


Backwater  effect  at  Willow  Beach 
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Freeboard 


The  freeboard  for  the  tieback  dikes  was  determined  in  accordance 
with  criteria  in  Engineer  Circular  1110-2-27  and  Engineer  Technical 
Letter  1110-2-8.  The  top  elevation  of  1283.0  for  the  left  bank  dike 
was  determined  by  using  a  pool  at  elevation  1279.0  with  60-mile-per  hour 
winds  and  the  required  freeboard  allowance  equal  to  the  resulting  wave 
height  for  shallow  inland  lakes.  The  top  elevation  of  1285.5  for  the 
right  bank  dike  is  required  for  access  to  the  control  structure 
service  bridge. 

Swellhead  Curves  at  Proposed  Days  High  Landing  Dam 

The  swellheads  caused  by  the  proposed  dam  at  Days  High  Landing 
were  computed  for  6-  and  12-foot  stages  at  Pokegama  Dam  and  are  shown 
as  curves  on  plate  A-81.  The  two  curves  for  the  swellhead  at  Days 
High  Landing  Dam  were  comp  'ted  using  the  D’Aubuisson's  formula  for 
the  increase  in  head  caused  by  channel  obstruction.  The  "K"  coefficient 
used  was  0.85  since  the  dam  would  produce  a  relatively  small  amount 
of  channel  contraction  compared  to  the  improved  channel  immediately 
upstream.  As  can  be  observed  from  the  curves,  the  swellhead  would 
be  less  than  0.10  foot  until  the  flow  approaches  4,000  cfs  and  0.20 
foot  with  a  flow  of  6,000  cfs.  Flow  conditions  are  represented  with 
all  stop  logs  removed  and  all  flow  passing  through  the  dam. 

COST  ESTIMATE 

A  detailed  cost  and  benefit  analysis  is  included  in  the  March  1972 
interim  survey  report  for  Days  High  Landing  Dam.  The  cost  summary  from 
the  1972  report  (1971  price  levels)  follows  along  with  the  costs  and 
benefits  indexed  to  October  1977  values. 
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Estimated  first  costs  for  Days  High  landing  Dam  (19Vl  prices) 
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Estimated  first  costs  for  Days  High  Landing  Dam  (1971  prices)  (cont) 
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BENEFITS 


A  benefit-cost  summary  was  prepared  which  compares  the  benefits 
developed  in  the  1972  interim  survey  report  with  benefits  based  on 
October  1977  price  levels.  Revised  benefits  were  developed  with  the 
aid  of  the  Minnesota  Department  of  Natural  Resources.  The  comparison 
is  shown  in  the  following  table. 


Benefit-cost  summary.  Days  High  Landing  Dam  (White  Oak  Lake) 


Amount 

Item 

1971  prices 

1977  prices 

1981  prices 

First  cost 

$1,439,000 

$2,160,000 

$2,894,000 

Annual  cost 

93,500 

164,300 

249,000 

Annual  benefits 

Increased  wild  rice  production 

176,000 

250,000 

_ 

Increased  fishery  resources 

22,000 

31,200 

- 

Increased  waterfowl  production 

7,000 

9,950 

- 

Increased  furbearer  production 

9,000 

12,925 

- 

Area  redevelopment 

9,000 

12,925 

- 

Total  annual  benefits 

223,000 

317,000 

425,000 

Benefit-cost  ratio 

2.4 

1.93 

1.71 

Interest  rate  (percent) 

5  3/8 

6  5/8 

7  5/8 

RECOMMENDED  ACTION 

No  further  action  is  recommended  for  stabilizing  the  White  Oak  Lake 
water  levels.  A  proposed  dam  at  Days  High  Landing  is  economically 
feasible  and  would  help  stabilize  White  Oak  Lake  levels,  but  the  Minne¬ 
sota  Department  of  Natural  Resources  is  opposed  to  this  development. 

A  detailed  study  and  interim  survey  report  were  completed  in  March  1972 
for  the  White  Oak  Lake  area,  and  a  portion  of  the  design  information 
developed  for  that  study  is  contained  in  this  report. 
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PLATE  SUMMARY 


Number 

A-8  1 

A-82 
A-8  3 
A- 8  4 
A- 8  5 
A- 8  6 
A-8  7 
A- 8  8 


Item 


Days  High  Landing  Dam,  Minnesota,  project  boundary  and 
public  use  facilities. 

Plan  and  profile. 

Boring  logs  and  sections. 

High  discharge-frenuencv  curve. 

High  stage-frequency  curves. 

Low  stage-frequency  curves. 

Pokegama  flowage,  water  surface  profiles 

Swellhead  curves 


COftPS  OF  ENOINCCR8 


000*01 


ELEVATIONS  IN  U.S.E.  DATUM 


MOTES: 

HIGH  STAGE  FREQUENCY  CURVES  FOR  JUNE  AND  JULY  FROM  DISCHARGE  HYDROGRAPHS 
FOR  POKEGAMA  FlONAGE  FOR  YEARS  I 9H3  THRU  1961  ADJUSTED  TO  YEARS  1930 
THRU  1961. 

POKEGAMA  GAGE  ZERO  =  1266.27  U.S.E. D. 

=  1264.42  - 

1929  adl  INTERIM  SURVEY  REPORT 

MISSISSIPPI  RIVER  ABOVE  COON  RAPIDS  DAM 
NEAR  MINNEAPOLIS,  MINNESOTA 
DAYS  NIGH  LANDING  DAM,  MINNESOTA 

HIGH  STAGE  FREQUENCY  CURVES 

ST.  PAUL,  MINN.  DISTRICT 

_ _  file  no.  Mf>.' -R-  7/13  20  FEB  1970 


A-200 


Plate  A-85 


ELEVATIONS  IN  U.S.E.  DATUM 


NOTES: 

LOW  STAGE  FREQUENCY  CURVES  FOR  JUNE 
AND  JULY  FROM  DISCHARGE  HYDROGRAPHS  FOR 
I>n«rr,* m  FLOWAGE  FOR  YEARS  1 943  THRU  1961 
ADJUSTED  TO  YEARS  I93C  THRU  1 9«  I . 

NOtEGANA  GAGE  ZERO  *  1266.27  U.S.E. D. 

-  1264.42  (1929  ad j ) 


INTERIM  SURVEY  REPORT 
MISSISSIPPI  RIVER  ADOVE  COON  RAPIDS  DAM 
REAR  MINNEAPOLIS,  MINNESOTA 
DAYS  HIGH  UNDING  DAM.  MINNESOTA 

LOU  STAGE  FREQUENCY  CURVES 

ST.  PAUL,  MINN.  DISTRICT 


*W.OwifcftCB  •  ut 


UilE.$  AGCvE  The  MQuTH  OF  T *£  OHIO  BivER  :.00i\’t 

WATER  SURFACE  PROFILES  FOR  EXISTING  CONDITIONS 


1000 


2 


4000 


5000 


•1*  *  • 


000  3000 

DISCHARGE  IN  C.F.S. 


NOTE: 

SNELLHEAD  CURVES  FOR  CORTROl  STRUCTURE 
AT  OATS  HIGH  LARDING  ALL  STOPLOGS  REMOVED 
ARD  ALL  F LOW  THROUGH  THE  STRUCTURE. 


INTERIM  SURVEY  REPORT 
MISSISSIPPI  RIVER  AIOVE  COOK  RAPIDS  DAM 
HEAR  NIHHEAPOLIS,  MINNESOTA 
DAYS  HI6H  LANDING  DAM,  MINNESOTA 

SWELLHEAD  CURVES 

ST.  PAUL.  MINN.  DISTRICT 
FILE  NO.  M53  -  R-7/18  20  FEB  1970 
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PROBLEM  5  -  BLACK  BEAR  AND  MILLER  LAKES  FLOOD  PROBLEM 


BACKGROUND 

Black  Bear  and  Miller  Lakes  are  located  adjacent  to  the  Missis¬ 
sippi  River  in  Crow  Wing  County,  Minnesota.  The  lakes  are  located  in 
portions  of  sections  30  and  31,  T  147  N,  R  29  W;  section  36,  T  147  N, 
R  30  W;  section  6,  T  146  N,  R  29  W;  and  section  1,  T  146  N,  R  30  W. 
The  two  lakes  have  a  combined  surface  area  of  approximately  320  acres 
and  are  connected  to  the  Mississippi  River  by  a  creek  approximately 
one-half  mile  long.  The  location  of  the  lakes  is  shown  on  plate  A-82 

Mississippi  River  flooding  has  affected  approximately  28  lake 
properties  in  1974  and  1975.  Spring  high  water  on  the  Mississippi 
River  backs  up  the  creek  channel,  overtopping  the  stop  log  bays  and 
abutments  of  an  old  Work  Projects  Administration  dam  located  in  the 
creek  channel  downstream  of  the  two  lakes.  The  backup  water  floods 
the  shoreline  properties  causing  damage  to  buildings  and  related 
facilities. 

The  Minnesota  Department  of  Natural  Resources  has  advised  the 
affected  residents  that  the  situation  is  a  natural  occurrence  and 
does  not  adversely  affect  the  general  public's  interest.  Therefore, 
Department  funds  could  not  be  used  to  reduce  flooding. 

GEOLOGY  AND  SOILS 


No  formal  program  of  subsurface  investigations  was  conducted 
for  the  potential  damsite  at  the  outlet  of  Black  Bear  Lake.  The 
soil  in  the  area  is  classified  as  Menagha,  a  type  having  a  high 
infiltration  rate,  as  discussed  under  Hydrology  and  Hydraulic  Studies 
The  Menagha  soil  is  in  a  group  of  coarse  to  medium  textured  forest 
soils  formed  from  glacial  outwash. 


HYDROLOGY  AND  HYDRAULIC  STUDIES 


Preliminary  hydrology  and  hydraulic  studies  confirmed  that  the 
principal  flood  problem  of  the  Black  Bear  and  Miller  Lakes  properties 
results  from  the  Mississippi  River  and  not  from  the  local  contributing 
drainage  area  (see  plate  A-82,  drainage  basin  map,  and  plate  A-83, 
location  map) .  During  high  water  the  Mississippi  River  backs  into  the 
Black  Bear  and  Miller  Lakes  area,  producing  flood  levels  which  inun¬ 
date  approximately  28  of  38  lakeshore  residential  properties.  The 
lowest  ground  level  elevation  of  cabins  and  residences  on  Black  Bear 
and  Miller  Lakes,  with  respect  to  flood  and  other  pertinent  levels, 
is  shown  on  the  following  figure. 


BLACK  BEAR  AND  MILLER  LAKES  ELfcVAl ION  HISTORY 


1170  ELLA'.  TO  1200  ELEV. 


HIGHEST  I. LTV  AT  ION  OF  DRAINAGE  .ARIA 


PROPOSED  M  K  PIKE  Il.TYA!  lo\ 


1186.5 


HIGH  WATER  -  I 95 1 


HIGH  WATER  -  1905 ,  69,75 


CRITICAL  LEVEL  OF  UNITS 


BLACK  RIVER  &  MILLER  LAKES  NORMAL  LEVEL 


LOW  WATER  1901 


CREEK  BOTTOM 


1173.7 


[11  Approximate  levels  for  estimation  purposes  in  M.S.L.  (1929  ad j . ) 
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Flood  elevations  and  related  damages  were  determined  by  relating 
preliminary  field  survey  information  of  area  water  levels  and  lake 
properties  to  flood  profiles  of  the  Mississippi  River,  shown  on  plate 
A-84.  On  this  plate,  the  Black  Bear  outlet  to  the  Mississippi  River 
is  at  mile  164.9  above  Minneapolis.  Frequency  of  floods  was  further 
developed  from  flood  events  at  Aitkin,  approximately  38  miles  upstream 
on  the  Mississippi  River  at  mile  202.9  above  Minneapolis.  A  tabulation 
showing  this  relationship  follows. 


E^yatlons  and  frequency  of  floods 


Year 

Elevation 

river 

mile 

164.9 

Flow 

(cfs) 

Aitkin,  (river 
mile  202.9) 
recurrence 
interval  (years) 

Percent 

chance 

exceedence 

1950 

1186.5 

20,000 

lOOf 

*  1 

1965 

1183.4 

13,400 

13 

7.  7 

1969 

1183.74 

(estimated) 

14,400 

13 

7.7 

1975 

1183.74 

(estimated) 

14,300 

13 

7.7 

1889 

1175.7 

- 

- 

- 

1901 

1173.7 
(low  water) 

- 

- 

1899 

1163.9 

(thalweg) 

(1)  Elevations  are  1929  adjustment  which  is  approximately  0.3  foot 


lower  than  msl,  1912  adjustment,  shown  on  plate  A-84. 


Additional  hydrologic  work  was  accomplished  to  determine  if  a  pump¬ 
ing  station  would  be  required  in  the  event  a  new  levee  was  built  in 
the  outlet  channel  from  Black  Bear  Lake  to  the  Mississippi  River.  The 
purpose  of  this  levee  would  be  to  prevent  the  Mississippi  River  from 
backing  into  Blear  Bear  and  Miller  Lakes  during  floods.  Runoff  from  the 
local  drainage  area  contributing  to  Black  Bear  and  Miller  Lakes  had  to 
be  evaluated  to  see  if  it  posed  a  flood  threat  to  local  property  owmers 
in  the  event  a  levee  were  holding  back  the  Mississippi  River  flows.  The 
anticipated  Mississippi  River  stages  during  high  water  periods  could 
require  a  levee  closure  for  a  2-  to  4-week  period. 
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The  additional  hydrology  studies  involved  drainage  area  determina¬ 
tion  and  preliminary  calculations  of  25-year  runoff  volume.  Runoff 
peaks  and  volumes  were  derived  using  families  of  curves  developed  by 
the  Soil  Conservation  Service  for  small  areas  as  outlined  in  Minnesota 
Engineers  Handbook,  section  4  on  hydrology. 

The  total  drainage  area  contributing  to  the  Black  Bear  and  Miller 
Lakes  area  (plate  A-82)  is  approximately  5,440  acres  (8.5  square  miles). 
The  general  soil  type  for  calculation  of  runoff  is  Menagha  or  group  A. 
Group  A  soils  have  high  infiltration  rates  even  when  thoroughly  wetted 
and  consist  chiefly  of  deep,  well  to  excessively  drained  sands  and/or 
gravel.  These  soils  have  a  high  rate  of  water  transmission  and  would 
result  in  a  low  runoff  potential  (minimum  infiltration  rate:  0.30  to 
0.45  inch  per  hour).  A  Soil  Conservation  Service  runoff  curve  number 
of  55  was  selected  to  represent  a  watershed  which  is  wooded  and  has 
good  field  cover. 

The  time  of  concentration  for  the  watershed  was  determined  next 
from  a  Soil  Conservation  Service  nomograph  using  total  watershed  vertical 
drop  (30  feet)  and  the  longest  travel  distance  in  the  watershed  (17,500 
feet).  The  resulting  time  of  concentration  was  2.8  hours.  Therefore, 
a  design  storm  duration  of  6  hours  was  used  to  evaluate  25-year  (4- 
percent)  runoff  potential  for  the  watershed  using  precipitation  derived 
from  National  Weather  Service  publication  T.P.  40.  Point  rainfall  for 
a  6-hour  storm  was  3.25  inches  and  was  not  reduced  because  of  the  small 
(8.5-square  mile)  contributing  drainage  area. 

The  area  requiring  protection  is  identified  as  class  III  (EM  1110-2- 
1410,  paragraph  3-05)  and  the  gravity  outlet  design  is  based  on  the  run¬ 
off  from  the  25-year  storm.  The  25-year  runoff  volume  for  a  6-hour,  3.25- 
inch  rainfall  and  a  runoff  curve  number  of  55  amounts  to  200  acre-feet 
from  an  8.5-square  mile  drainage  area.  The  200  acre-feet  of  runoff 
would  produce  a  rise  in  the  Black  Bear-Miller  Lakes  water 
surface  of  about  0.6  foot  or  from  normal  elevation  1177.0  to  elevation 
1177.6. 
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The  0.6-foot  rise  would  produce  an  estimated  26-cfs  peak  outflow 
through  the  old  WPA  dam  that  controls  the  normal  lake  level.  This 
dam  has  two  5-foot  stop  log  bays  with  the  center  pier  and  top  of 
stop  logs  at  approximately  elevation  1176.8.  A  30-inch  diameter 
outlet  in  the  proposed  new  levee  downstream  from  the  State  dam  would 
satisfactorily  handle  the  26-cfs  discharge  on  a  slope  of  0.0033  and 
with  a  head  of  1.3  feet  above  the  Mississippi  River  stage. 

With  a  normal  elevation  of  1177  in  Black  Bear  and  Miller  Lakes, 
it  was  decided  that  no  pumping  facilities  would  be  needed  in  a  control 
levee  that  would  block  Mississippi  River  water  from  backing  into  Black 
Bear  and  Miller  Lakes.  A  1-foot  rise  to  elevation  1178  with  no  flood 
damages  could  easily  be  tolerated  by  lakeshore  owners,  and  the  antici¬ 
pated  0.6-foot  rise  from  a  25-year  storm  would  not  require  pumping. 

COST  ESTIMATE 

An  economically  feasible  project  was  developed  for  the  Black  Bear 
and  Miller  Lakes  flood  problem.  The  most  economical  structural  solution 
would  be  to  construct  a  rolled  earth-fill  levee  on  the  unnamed  stream 
that  leads  from  Black  Bear  Lake  to  the  Mississippi  River.  This  alterna¬ 
tive  is  economically  feasible  with  a  first  cost  of  $128,000,  an  annual 
cost  of  $11,000  including  operation  and  maintenance,  and  an  annual  bene¬ 
fit  of  $13,400.  The  resulting  benefit-cost  ratio  is  1.22.  The  costs 
and  benefits  for  a  levee  alternative  are  shown  in  the  following  table. 

In  contrast,  the  annual  cost  for  nonstructural  federally  subsidized  flood 
insurance  is  estimated  at  $7,200  for  insuring  affected  lake  property 


Detailed  estimate  of  construction  costs  (1977  prices) 


Item 

Unit 

Mnil.U  M I'M 

Unit  cost 

Total  cost 

Federal  first  costs 

Construction 

30-inch,  class  4 

RCP  conduit 

20-10c  slide  gate, 

Feet 

135 

$30.00 

$4,050 

rack,  and  frame 

Each 

1 

4,500.00 

4,500 

Concrete  gate  well 

Each 

1 

5,600.00 

5,600 

Metal  ladder 

Feet 

20 

12.50 

250 

Cutoff  excavation 

CY 

530 

0.70 

370 

Disposal 

CY 

530 

1.50 

800 

Impervious  fill 

CY 

530 

3.00 

1,600 

Compacted  fill 

CY 

6,250 

6.00 

37,500 

Stripping 

CY 

40 

3.00 

120 

Dewatering 

Job 

Sum 

- 

14,450 

Total  construction 

69,240 

Contingencies 

Engineering  and  design 

Supervision  and  administration 

13,860 

6,250 

6,250 

Total  Federal  first  costs 

95,600 

Non-Federal  first  costs  - 
Lands  (transfer  of  State 
ownership)  Acre  1.0 

(1) 

(1) 

Total  first  cost 

95,600 

Annualized  first  cost 
(6  5/8-percent  interest 
and  100-year  life  = 

0.06636  x  $95,600) 

6,400 

Annual  operation  and  maintenance  cost 

800 

Total  average  annual  cost 

7,200 

(2) 

Total  average  annual  benefits 

10,000 

Benefit-cost  ratio 

1.39 

(1)  State  of  Minnesota  has  not  provided  a  land  value.  A  permit  to 
construct  may  be  used  in  lieu  of  a  land  transfer. 

(2)  Benefits  were  derived  as  described  under  the  following  section 

on  benefits. 
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The  following  table  summarizes  the  pertinent 

figures  from  the  previous 

table  at  1977  and  1981 

price  levels. 

Benefit-cost 

summary  -  proposed  closure 

structure 

Item 

1977  prices 

1981  prices 

First  cost  ... 

Annual  cost^ 

$95,600 

$128,000 

7,200 

11,000 

Annual  benefits 

10,000 

13,400 

Benefit-cost  ratio 

1.39 

1.22 

Interest  rate 

6  5/8 

7  5/8 

(1)  Based  on  100-year  life  of  project. 


The  above  cost  estimate  does  not  include  a  value  for  the  approximately 
1  acre  of  land  required  in  connection  with  the  proposed  control  structure. 
The  land  is  owned  by  the  State  of  Minnesota  (school  trust  lands).  The 
State  has  not  made  a  commitment  for  land  transfer  or  permit  costs  but  has 
proposed  giving  Crow  Wing  County  a  permanent  easement  for  the  structure. 


The  State  of  Minnesota  may  also  require  the  local  sponsors  to 
relocate  a  public  access  for  canoeists.  This  access  would  be  cut  off 
from  the  Mississippi  River  by  the  proposed  control  structure.  The 
State  may  require  the  local  sponsor  to  provide  a  similar  access  on 
additional  lands  that  must  be  acquired. 

BENEFITS 

Approximately  38  residential  units  are  situated  around  and  near 
Black  Bear  and  Miller  Lakes  and  about  28  of  them  are  subject  to  flood¬ 
ing  from  varying  flood  levels.  A  field  survey  of  a  representative 
sampling  of  flood  prone  properties  was  made  in  1977  and  1978.  Approxi¬ 
mately  43  percent  of  the  owners  were  interviewed  concerning  actual  flood 
damages  that  occurred  in  1975,  and  estimates  were  made  of  damage  that 
would  occur  with  a  repeat  of  the  1950  flood  which  was  approximately  3  feet 
higher.  These  two  floods  have  a  frequency  of  occurrence  of  7.7  and 
1  percent,  respectively. 

Observed  1975  flood  damages  were  supplemented  with  a  26-percent 
telephone  sample  survey  and  damage  data  developed  from  standard  loss 
tables  used  by  the  St.  Paul  District.  These  tables  gave  slightly  higher 
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loss  values  than  the  observed  damages.  An  elevation-damage  curve  was 
developed  using  these  two  flood  events  and  a  zero  damage  point.  The 
zero  damage  point  is  the  desirable  lake  level,  elevation  1177,  as  some 
of  the  homes  have  their  foundations  only  2  feet  above  the  1177  level. 
The  elevation-damage  curve  is  shown  on  plate  A-86  and  the  related 
frequency-damage  curve  is  shown  on  plate  A-87.  Total  average  annual 
d.imnges  from  plate  A-87  are  $10,000,  and  this  damage  would  be  prevented 
with  construction  of  the  proposed  levee. 

RECOMMENDED  ACTION 

A  nonstructural  plan  of  flood  insurance  would  be  economically 
feasible.  This  alternative  would  involve  adopting  floodplain  regula¬ 
tions  and  restricting  further  development  of  the  floodplain  area  around 
these  two  lakes.  However,  the  nonstructural  plan  would  not  p-.event 
damages  but  would  only  compensate  for  the  actual  losses. 

A  levee  or  closure  structure  that  would  prevent  backup  flooding 
from  the  Mississippi  River  would  give  the  best  flood  protection  for 
this  area.  The  levee  is  economically  feasible.  This  plan  should  be 
evaluated  in  greater  detail  under  the  small  projects  authority  with 
Crow  Wing  County  as  sponsor.  The  Black  Bear-Miller  Lakes  flood  problem 
will  not  be  evaluated  further  under  the  Mississippi  Headwaters  study 
authority. 

PLATE  SUMMARY 

Number  Item 

A-89  Drainage  basin. 

A-90  House  location  sketch  map. 

A-91  Mississippi  River  profile. 

A-92  Cross  section  and  sketch  of  proposed  dam. 

A-93  Elevation  versus  damages. 

A-94  Frequency  versus  damages. 
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Plate  A-9* 


PROBLEM  6  -  HEADWATERS  LAKES  PERIMETER  DIKES 


BACKGROUND 

Starting  in  the  late  1800' s,  perimeter  dikes  were  constructed 
at  several  of  the  headwaters  lakes  to  prevent  impounded  water  from 
seeking  alternative  overflow  outlets.  The  need  for  the  dikes  apparently 
was  established  based  on  maximum  flowage  limits  and  on  original  topog¬ 
raphy  that  may  not  have  been  accurate  in  some  areas.  The  general 
location  of  the  dikes  is  shown  on  plate  A-88. 

Perimeter  dikes  exist  around  the  following  lakes  as  defined  in 
June  1972-October  1973  and  September  1976  Periodic  Inspection  Reports 
by  the  St.  Paul  District. 


Winnibigoshish  Lake  -  A 
Leech  Lake  -  0 
Pokegama  Lake  -  A 
Sandy  Lake  -  A 
Pine  River  Lakes  -  16 
Gull  Lake  -  0 


The  dikes  have  had  little,  if  any,  maintenance  and  are  even  diffi¬ 
cult  to  identify.  In  some  cases,  heavy  tree  growth  has  almost  obscured 
them  from  view.  A  determination  should  be  made  on  whether  the  dikes 
are  needed  from  a  hydrologic  standpoint  and,  if  needed,  they  should 
be  properly  evaluated  and  maintained  as  impounding  structures. 

GEOLOGY  AND  SOILS 

Soils  data  for  the  28  perimeter  dikes  are  available  from  the 
original  drawings  for  these  dikes.  General  information  on  soils  within 
the  dikes  is  given  on  the  following  table  which  summarizes  data  shown 
on  original  drawing  plates  and  1972-1976  engineering  inspection  reports. 
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A  list  of  the  dikes  for  which  detailed  soil  borings  are  currently 
available  is  shown  in  the  following  table. 


Headwaters  Lakes  dikes  -  soil  borings 


Location 

Dike  number 

Number  of  borings 

Perimeter  dikes 

Winnibigoshish  Lake 

3 

1 

Winnibigoshish  Lake 

4 

1 

Sandy  Lake 

2 

7 

Sandy  Lake 

3 

1 

Pine  River  Lake  (Whitefish 

Chain  of  Lakes) 

14 

1 

Main  dam 

Winnibigoshish  Lake 

(3) 

Leech  Lake  ... 

Pokegama  LakeV 

(2) 

- 

Sandy  Lake 

(2) 

Pine  River  Lake 

(2) 

Gull  Lake 

(3) 

(1)  Dam  built  on  bedrock. 

(2)  Boring  data  are  available. 

(3)  Available  data  are  limited  to  tabular  information  on  borings 


included  in  several  Chief  of  Engineers  Reports  (1867  to  date). 

A  sample  of  the  boring  data  available  for  the  perimeter  dikes 
is  shown  on  plate  A-89.  This  plate  shows  the  seven  borings  available 
on  perimeter  dike  No.  2  at  Sandy  Lake.  Generally,  the  available 
boring  data  are  fragmentary  and  not  a  type  that  would  be  used  for 
design  purposes. 


DIKE  DESCRIPTIONS 

At  the  start  of  the  current  study,  specific  information  concern¬ 
ing  location  and  size  of  the  28  perimeter  dikes  was  limited.  Only  a 
few  of  the  original  plates  showing  proposed  construction  of  the  dikes 
were  found.  The  28  perimeter  dikes  were  involved  in  a  periodic  in¬ 
spection  in  1972  and  1973,  but  not  all  dikes  could  be  located  in  the 
field.  The  28  dikes  were  located  in  the  field  in  1977  as  part  of 
the  current  study,  and  preliminary  field  surveys  were  made  in  1978. 
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The  locations  of  individual  dikes  are  shown  on  plates  A-90  through 
A-93.  Two  typical  dike  profile  and  cross  section  sheets  for  dike 
Nos.  13  and  14  of  the  Pine  River  Lakes  area  are  shown  on  plates 
A-94  and  A-95. 

The  1978  field  surveys  established  the  following  information  for 
each  of  the  28  perimeter  dikes: 

a.  Center  line  profiles  of  dikes  (high  ground  to  high  ground). 

b.  At  least  one  section  at  maximum  fill  height  and  other  sections 
as  required. 

c.  Location  of  dikes  in  plan  by  field  tying  the  profile  to  two 
or  more  temporary  points. 

The  profile  and  sections  were  used  to  make  preliminary  determinations 
on  the  need  for  the  dikes,  recommendations  for  repair  and  maintenance, 
and  cost  estimates  for  repair  and  maintenance  and  to  make  recommendations 
regarding  acquisition  or  disposal  of  property  involving  the  dikes. 

A  brief  summary  of  the  28  preliminary  dikes  follows. 

Winnibigoshish  Lake  Perimeter  Dikes 

Dike  No.  1  -  Only  dike  No.  1  is  part  of  a  road  system  in  the  Winni- 
bigoshish  Lake  area.  This  dike  is  short  and  low,  with  a  maximum  height 
of  2  or  3  feet,  and  is  probably  buried  under  State  Highway  No.  2. 

State  Highway  2  is  a  formidable  barrier  and  thus  this  dike  is  not 
needed.  The  dike  could  not  be  found  or  specifically  located  in  the 
field. 

Dike  No.  2.  -  Dike  2  consists  of  six  separate  segments  separated  by 
sand  knolls.  Resort  owners  have  borrowed  considerable  fill  material 
from  the  sand  knolls  between  the  short  sections  of  dike  No.  2,  obliter¬ 
ating  any  signs  of  original  construction.  A  large  amount  of  fill  has 
been  placed  over  the  main  dike  segment,  completely  burying  that  portion 
of  the  dike.  Dike  No.  2  could  easily  be  protected  from  overtopping  in  an 
emergency,  as  good  access  roads  are  available. 
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Dike  No.  3.  -  The  dike  is  in  two  sections,  is  not  maintained,  and  has 
considerable  tree  growth.  The  east  section  has  an  8-foot  maximum 
height,  15-foot  top  width,  and  IV  to  2H  and  IV  to  3H  side  slopes. 

The  shorter  west  section  has  a  similar  cross  section  but  a  maximum 
height  of  5  feet.  The  east  dike  section  probably  had  4  to  5  feet 
of  water  on  the  lakeward  dike  side  in  1950. 

Dike  No.  4.  -  The  dike  has  not  been  maintained  for  25  to  35  years  and 
has  considerable  tree  growth.  The  cross  section  is  essentially  as 
constructed  (10-foot  top  width,  IV  to  2H  or  IV  to  3H  side  slopes, 
and  a  5-foot  maximum  height).  The  dike  probably  experienced  1  to  3 
feet  of  water  on  the  lakeward  side  from  the  1950  high  water. 

Dikes  Nos.  2,  3,  and  4  prevent  escape  of  water  to  the  south  from 
Lake  Winnibigoshish  to  Leech  Lake  River  via  Six  Mile  Lake.  The  three 
dikes  are  essential  during  a  flood  to  prevent  unauthorized  releases 
from  moving  downstream. 

Pokegama  Lake  Perimeter  Dikes 

All  dikes  except  No.  4  are  part  of  an  existing  road  system  in 
the  Pokegama  Lake  area. 

Dike  No.  1.  -  Dike  No.  1  is  located  in  an  old  flowage  channel  between 
Hale  Lake  and  Pokegama  Lake.  The  dike  is  at  the  end  of  a  marina,  just 
downstream  of  a  highway  grade.  The  highway  grade  is  8  to  10  feet 
higher  than  the  dike  and  has  20-  bituminous  pavement,  plus  shoulders, 
and  provides  a  formidable  section. 

Dike  No.  2.  -  Dike  No.  2  prevents  Pokegama  Lake  from  entering  a  small 
flowage  during  high  water  stages.  There  is  a  downstream  road  dike 
(20-foot  top  width)  at  a  higher  top  elevation  that  would  control 
Pokegama  Lake  water  levels  during  floods. 
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Dike  No.  3.  -  Dike  No.  3  is  another  fill  closure  located  between 
Pokegama  and  Hale  Lakes.  The  fill  is  exposed  to  a  long  fetch 
from  the  northwest  at  design  flood  stages.  However,  a  20-foot 
wide  road  is  located  downstream  of  the  dike  that  has  a  top  eleva¬ 
tion  10  to  15  feet  above  Pokegama  Lake  and  which  would  provide  a 
formidable  barrier  as  an  alternative  to  the  upstream  dike. 

Dike  No.  4.  -  Dike  No.  4  is  a  low  closure  dike  that  was  intended 
to  prevent  overflow  from  Pokegama  Lake  from  Meyers  Bay  to  the 
Blandin  Paper  Mill  Pool.  The  Blandin  Paper  Mill  pool  is  on  the 
Mississippi  River  downstream  of  Pokegama  Dam.  The  dike  is  only 
2  feet  high  maximum  with  a  10-foot  top  width  and  is  currently  used 
as  a  haul  road.  A  20-foot  wide  road  is  located  upstream  of  dike 
No.  4  with  a  15-  to  18-inch  culvert. 

Sandy  Lake  Perimeter  Dikes 

All  four  Sandy  Lake  dikes  are  a  part  of  an  existing  roadway 
system  providing  access  in  the  Sandy  Lake  damsite  area. 

Dike  No.  1  -  This  dike  is  the  left  bank  main  access  road  to  the 
campground.  It  is  blacktopped,  riprapped,  and  adequate  to  hold  hack 
water.  Continued  maintenance  is  required  for  the  sake  of  the 
roadway. 

Dike  No.  2.  -  This  dike  is  a  tieback  to  the  right  embankment  of  the 
Sandy  Lake  outlet  structure  with  125-foot  length  and  grass  cover. 

Since  this  dike  adjoins  the  dam,  it  apparently  is  needed  to  prevent 
water  from  escaping  around  the  dam.  The  dike  can  be  readily  maintained 
since  it  is  part  of  the  campgrounds. 

Dike  No.  3.  -  Dike  No.  3  is  a  right  bank  recreation  area  access  road 
to  tlie  camping  area  with  a  relatively  steep  1  to  1  \  backside  slope  and 
bituminous  surface.  This  dike  is  maintained  as  a  road. 
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Dike  No,  4.  -  This  right  bank  dike,  known  as  Aitkin  Lake  Road,  is 
600  feet  long.  The  gravel  top  is  20  feet  wide.  The  top  elevation 
is  1226.81  and  the  maximum  pool  is  attained  at  elevation  1224.82. 

Pine  River  Lake  Perimeter  Dikes 


All  of  the  Pine  River  Lake  perimeter  dikes  except  dikes  Nos. 

2,  4,  and  12  are  part  of  a  road  system  in  the  Pine  River  Lake  area. 
Most  of  the  16  dikes  are  part  of  the  County  Road  No.  3  network, 
with  wide  top  width  and  high  elevations.  Dikes  are  marked  with 
numbered  orange  fenceposts  at  each  end.  In  general,  the  dikes 
appear  to  be  substantial,  having  sufficient  width,  height,  and 
side  slopes.  Except  for  dike  No.  16,  there  is  no  riprap  on  the 
dikes.  The  Pine  River  Lake  perimeter  dikes  are  described  in  the 
following  table. 
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Description  of  Pine  River  dikes 
Top 
width 


Length  (feet)  Height  (feet) _ (feet) _ Material _ Remark* 


360 

15-20 

45 

Sandy,  clayey. 

16-foot  blacktop  road, 
slopes.  Road  regraded  - 
unknown . 

350 

)0  past 
post 

plus 

end 

15 

side  borrow  at 
downstream  side 
height  20 

50 

Sandy,  clayey. 

Brush  on  dike  last  leO  f 
scattered  small  pine  on 
Trees  and  brush  are  or.  b 

540 

15 

50 

Clayey  sand,  sand 
base  foundation. 

Crave  1  trail  or.  top.  1  -r 
slopes.  SAR  3  is  out  t  b 
closure  approximate lv  20 
5-foot  high  maximum  (3-f 

390 

6  average 

10  to  toe 
of  borrow 

50 

Clayey  sand,  sand 
base  foundation. 

Dike  is  not  on  road, 
at  Smith’s  Sandv  Shores 
lake  slope  are  grassed  - 
resort.  Trees  or.  lake  - 
brush  on  land  side.  ':k 
without  closure.  SAR  3 
b e  1  o v  t  O p  v '  t  d i  K e  ,  No  t. 
highwav  grade  controls. 

SOO 

5-6  average 

15  maximum 

50 

Clayey  sand,  sand 
base  foundation. 

2—  foot  blacktop  high ,v 
Slones  have  trees  and 

,  100 

2-3 

15  maximum 

50 

Clayey  sand,  sand 
base  feundur ion. 

Same  as  5. 

JO  0 

10  average 

13  maximum 

50 

Clayey  sand,  sand 
base  foundation. 

Same  as  5. 

-00 

5-8 

15  maximum 

50 

C 1  vivey  sand  ,  sa nd 

base  foundation. 

Same  as  5, 

300 

10-12  average 
15  maximum 

50 

Clayey  sand,  sand 
base  foundation. 

Sane  as  5. 

200 

20  average 

20  maximum 

50 

Clayey  sand,  sand 
base  foundation. 

10-foot  dirt  trail  on  di 
trees  on  both  slopes  and 
adjacent  to  lakeshoro. 

1,000 

10  average 

20  maximum 

35 

Sandy  clay. 

18-foot  blacktop  townshi 
Trees  op.  both  slopes. 

100 

5  average 

10  maximum 

20 

Sandv  clav. 

Trail  e*-*  top.  Trp.m  •'•m 

1,000 

2n  maximum 

10  average 

30 

Sandy  clay. 

both  slopes.  Slopes  1  . 

1  on  •«  downstream.  kai  % 

130 

20  maximum 
and  average 

50 

Sandy  clay. 

j't  dike. 

18- loot  township  road  or 
both  slopes. 

1  30 

20  average 
and  maximum 

50 

Sandy  clay. 

IS-toot  township  road  - 
both  slopes.  This  dike 
dike  lb  on  all  real  esta 
office  plans.  Dike  15  a 
plans  does  not  exist. 

130 

15  maxi  nun 
and  average 

20 

I'.ravelly  sandy 
clay  (rock  to 

2-inch  maximum 
size) . 

Slopes  1  on  1  upstream  a 
stream.  Trail  on  top. 
on  downstream  slopes, 
thick  on  upstream  slope, 
as  tor  12- toot  thickness 
Clam.  -ll  lake  and  his  - 

ikrs  .ire  marked  with  numbered  er.inge  fenoepests  at  each  end 


HYDROLOGY  AND  HYDRAULIC  STUDIES 


General 


A  stage-frequency  analysis  based  on  the  period  of  record  1936-76 
was  developed  earlier  as  part  of  the  overall  study.  The  present 
condition  stage-frequency  analysis  was  based  on  the  period  1936-76 
because  records  before  1936  reflected  a  different  plan  of  operation 
for  the  Mississippi  River  Headwaters  Lakes.  Stage-frequency  conditions 
for  each  of  the  six  headwaters  lakes  were  shown  previously  on  plates 
A-54  through  A-60  under  problem  2,  bank  erosion  control  on  six  Missis¬ 
sippi  River  Headwaters  Lakes. 

Design  (standard  project  flood  analysis) 

An  evaluation  of  the  safety  of  each  perimeter  dike  was  made  for 
this  study.  Based  on  the  policy  discussed  in  paragraph  6,  EC  1110-2-163, 
the  Mississippi  River  Headwaters  Lakes  are  considered  to  be  closest 
to  standard  2  of  the  functional  design  standards  for  spillways  and  dams. 
Paragraph  6c  (3)  of  the  EC  states  that  nonoverflow  sections  of  standard  2 
dams  shall  be  designed  high  enough  to  avoid  overtopping  during  a  standard 
design  flood  comparable  to  or  more  severe  than  the  standard  project 
flood,  including  appropriate  freeboard  allowances  for  wave  action  and 
other  relevant  considerations. 

To  consider  the  possibility  of  a  standard  project  flood  occurring 
after  a  period  of  high  runoff,  a  standard  project  flood  series  was 
developed  for  this  study.  The  year  1950  was  selected  as  the  basis  for 
the  standard  project  flood  series.  The  standard  project  flood  routings 
were  initiated  when  the  high  spring  runoff  from  the  1950  flood  had 
begun  to  recede.  The  peak  elevations  attained  in  each  lake  for  the 
standard  project  flood  routings  are  the  freeboard  reference  levels  that 
should  be  used  in  determining  adequate  top  of  dam  heights  at  each 
location.  The  freeboard  reference  levels  for  Sandy  Lake  are  caused  by 
backwater  from  the  standard  project  flood  on  the  Mississippi  River  at 
the  mouth  of  Sandy  River.  The  freeboard  reference  levels  are: 
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Lake 


Freeboard  reference  level 
_ (1929  datum) _ 


Winnibigoshish 

1304.44 

Leech 

1297.10 

Pokegama 

1277.97 

Sandy 

1226.81 

Pine  River  (Cross  Lake) 

12 :4 . 32 

Gull 

1197.65 

Methods  for  computing  the  design  wave  height  and  height  of  wave 
runup  on  embankments  associated  with  projects  designed  according  to 
standard  2  are  shown  in  Appendix  D  of  EC  1110-2-163  and  the  following 
references : 


a.  "Wave  Runup  and  Wind  Setup  on  Reservoir  Embankments," 
McCartney,  Bruce  L. ,  U.S.  Army  Corps  of  Engineers,  Office  of  the  Chief 
of  Engineers,  ETL  1110-2-221,  November  1967. 

b.  "Slope  Protection  Design  for  Embankments  in  Reservoirs," 

U.S.  Army  Corps  of  Engineers,  Office  of  the  Chief  of  Engineers,  ETL 
1110-2-222,  10  July  1978. 

c.  "Earth  and  Rock-Fill  Dams,  General  Design  and  Construction 
Considerations,"  U.S.  Army  Corps  of  Engineers,  Office  of  the  Chief 
of  Engineers,  EM  1110-2-2300,  1  March  1971. 

d.  "Shore  Protection  Manual,"  U.S.  Army  Corps  of  Engineers, 
Coastal  Engineering  Research  Center,  Fort  Belvoir,  Virginia,  Volumes 
I,  II,  and  III,  1977. 

e.  "Wind-Wave  Propagation  Over  Vegetated  Land,"  Frederick  E. 
Canfield,  Technical  Paper  No.  77-12,  October  1977. 
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Using  the  policy  discussed  in  EC  1110-2-163,  the  required  top 
elevation  of  the  embankment  is  equal  to  the  height  of  wave  runup  for 
the  significant  wave  and  wind  setup  on  the  embankment  plus  the  free¬ 
board  reference  level.  (The  significant  wave  height  is  the  average 
of  the  one-third  highest  of  a  given  wave  group.  The  significant 
wave  height  will  be  exceeded  by  approximately  13  percent  of  the  waves.) 

If  the  difference  in  elevation  determined  by  adding  wave  runup  and  wind 
setup  is  less  than  3  feet,  then  a  minimum  of  3  feet  of  freeboard  above 
the  freeboard  reference  level  is  recommended. 

According  to  EM  1110-2-2300,  upstream  slope  protection  provided 
for  wave  erosion  is  required  from  the  embankment  crest  elevation  to 
5  feet  below  the  elevation  of  the  conservation  pool.  (The  elevation 
of  the  normal  pool  is  recommended  for  the  Mississippi  River  Headwaters 
Lakes.)  Dikes  located  landward  of  the  existing  shoreline  are  protected 
from  the  ground  line  to  the  required  minimum  embankment  crest  elevation. 
Riprap  protection  for  the  dikes  considered  in  this  study  should  be 
provided  to  the  elevation  attained  with  the  height  of  wave  runup  and 
wind  setup  plus  the  freeboard  reference  level.  The  size  of  stone  and  layi 
thickness  of  riprap  are  based  on  equations  presented  in  ETL  1110-2-222. 
The  following  two  figures  illustrate  how  riprap  would  be  placed  on 
typical  embankments. 
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EMBANKMENT  TOE.  EL£V. 


1 


Typical  lake  data  for  the  Mississippi  River  Headwaters  Lakes  and 
resulting  embankment  characteristics  for  existing  and  proposed  condi¬ 
tions  are  shown  in  the  following  tables.  This  information  was  used 
to  develop  the  succeeding  cost  estimates  for  upgrading  the  perimeter 
dikes  and  is  based  on  1977  field  survey  data. 
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The  previous  u.uies  show  that  most  of  the  perimeter  dikes  would 
require  riprapping  to  comply  with  the  specified  design  criteria.  The 
perimeter  dikes  that  would  also  require  additional  freeboard  are  as 
follows: 

Sandy  Lake:  Dikes  1,  2,  3,  and  4. 

Pokegama  Lake:  Dikes  2  and  4. 

Winnibigoshish  Lake:  Dikes  2,  3,  and  4. 

The  required  design  height  for  the  perimeter  dikes  at  each  area 
is  shown  below  for  estimating  purposes. 


Lake 

Design  height 

Winnibigoshish 

1308.6 

Pokegama 

1280.9 

Sandy 

1229.8 

Pine  River 

1237.3 

All  perimeter  dikes,  including  those  to  be  upgraded,  would  bu 
grubbed  and  cleared.  The  upgraded  dikes  would  be  stripped  of  vegetation 
and  organic  material  and  raised  to  the  required  design  level  with  com¬ 
pacted  fill.  Side  slopes  would  generally  be  IV  on  5H  on  the  downstream 
side  and  IV  on  3H  on  the  upstream  side.  A  minimum  top  width  of  10  feet 
was  used  for  raised  dike  sections  except  where  the  previous  dike  carried 
an  improved  road  surface.  In  these  instances,  the  top  width  of  the 
dikes  was  rebuilt  to  the  original  road  width. 

The  Sandy  Lake  perimeter  dikes  raised  to  elevation  1229.8  would  not 
be  effective  without  also  raising  or  replacing  the  existing  Sandy  Lake 
control  structure.  The  present  top  of  concrete  piers  and  top  of  roadway 
across  the  concrete  control  structure  are  at  elevation  1221.3  and  1223.5, 
respec  t ive 1 y. 
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A  new  control  structure  would  probably  be  needed  in  lieu  of  a 
raise  of  the  existing  structure.  The  existing  structure  would  be 
removed  and  filled  in  and  a  new  control  would  be  built  at  another 
location.  A  detailed  cost  estimate  is  not  available  for  this  work, 
but  a  tentative  value  was  developed  from  a  comparison  of  actual 
structural  costs  at  other  locations  in  the  St.  Paul  District,  in¬ 
dexed  to  October  1977  price  levels.  The  tentative  cost  estimate 
for  this  work  as  shown  in  subsequent  tables  is  estimated  at  $8  million. 
This  cost  could  be  considerably  higher  if  the  downstream  highway  bridge 
would  require  modification. 

COST  ESTIMATE 

Preliminary  construction  cost  estimates  for  each  of  the  four  head¬ 
waters  lakes  areas  with  perimeter  dikes  are  presented  in  the  following 
tables.  All  costs  are  in  October  1977  price  levels.  The  interest  rate 
is  7  5/8  percent  with  a  100-year  project  life.  A  summary  table  for 
the  four  areas  precedes  a  more  detailed  cost  summary  for  each  area. 

Upgrade  perimeter  dikes ^  -  summary  of  structural  plan  cost  data  _ 

Annual  Total  Benefit- 

First  maintenance  annual.,.  Annual  cost 

Lake  area _ cost _ cost _ costs  benef  i  t  s _ r  a  tin 


Pine  River 

$684,500 

$5,900 

$58,100 

$297,900 

5.13 

Pokegama 

14,600 

800 

1,900 

1,700 

0.  89 

Sandy 

(3) 

8,757,600v 

2,900 

668,200 

155,600 

0.2  3 

W  innibigoshish 

259,700 

1,600 

21,400 

0 

0 

Total 

9,716,400 

11,200 

751,500 

455,200 

0.60 

(1)  Includes  raising  nine  dikes  identified  previously. 

(2)  Based  on  a  100-year  project  life  and  a  7  5/8-percent  interest 


rate  and  annual  operation  and  maintenance  costs. 

(3)  Approximately  $8  million  would  be  allocated  to  construct  a  new 
Sandy  Lake  control  structure. 
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i  ib  ie 


'*  33,700  ii,9u0 


_ Upgrade  perimeter  dikes  -  benefit-cost  summary _ 

.’innibigoshish  _  Pokegama  Sandy 

1977  1981  1977  1981  1977  1981 


A  lesser  alternative  would  not  include  riprap  protection  or 
raising  the  nine  dikes  identified  pre”iously.  This  alternative 
would  consist  of  simply  grubbing  and  clearing  trees  and  brush  from 
all  28  dikes  and  providing  annual  maintenance  on  them.  The  detailed 
cost  for  this  alternative  is  shown  in  the  following  table. 
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_ Maintain  perimeter  dikes  -  benefit-cost  ratio  summary _ _ _ 

Minnibigoshish  Poke gama  I.ake  Pine  River 

Lake  dikes  dikes  Sandy  Lake  dikes  Lake  dikes 

1977  1981  1977  1981  1977  1981  1977  19 

prices _ prices _ p  rices _ prices  _ prices _ p  rices  price  s _ pri 


BENEFITS 


The  benefits  to  be  derived  from  an  upgraded  perimeter  dike 
system  are  difficult  to  assess  as  the  existing  dikes  have  functioned 
well  since  their  construction  in  the  early  1900' s.  Of  the  28  dikes, 

21  are  part  of  an  existing  county  or  access  road  system  located  in 
low  population  but  high  visitor  use  recreation  areas. 

The  original  construction  objective  of  the  dikes  was  to  prevent 
loss  of  impounded  water  from  the  raised  headwaters  lakes.  The  dikes 
also  presently  afford  some  flood  protection  to  adjoining  property  that 
could  be  subject  to  overflow  if  the  dikes  were  not  in  place.  If  the 
present  dikes  were  to  fail,  downstream  roads  could  be  adversely  af¬ 
fected,  the  roadways  on  the  dikes  could  be  damaged,  and  a  potential 
loss  of  life  might  occur  as  a  result. 

These  flood  control  benefits  are  not  easily  defined  without  a 
detailed  hydrologic  analysis.  Therefore,  for  this  stage  2  report, 
it  was  decided  that  only  low  water  damages  would  be  used  in  a  cost- 
benefit  analysis.  The  low-water  damage  curves  for  each  lake  are  al¬ 
ready  available  in  the  section  on  problem  1  dealing  with  lake  operating 
plans. 


Average  annual  low  water  losses  for  each  of  the  four  lakes  having 
perimeter  dikes  were  developed  by  assuming  that  the  most  critical  dike 
would  fail  and  that  lake  water  levels  would  revert  to  natural  flow 
condition  levels  (or  to  some  other  level,  if  the  scour  elevation  at 
the  dike  failure  site  was  considerably  different  from  the  sill  or 
natural  outlet  level  for  the  main  lake  control  site).  The  resulting 
lower  levels  were  presumed  to  occur  for  5  years  until  a  new  perimeter 
dike  was  in  place. 
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The  resulting  average  annual  increase  in  low  water  damages  using 
this  approach  was  as  follows: 


Pine  River 

Pokegama 

Sandy 

Winnibigoshish 


Increased  single 
event  low 
water  damages 
(1977  prices) 


$3,350,000 

20,000 

1,750,000 


Increased  average 
annual  low 
wa  t  e  r ,  damages 


1977  prices 

$222,300 

1,300 

116,100 


1981  prices 


$297,900 

1,700 

155,600 


(1)  For  100-year  life  and  6  5/8  percent  interest  rate. 

(2)  For  100-vear  life  and  7  5/8  percent  interest  rate. 

The  preceding  table  shows  that  a  potential  failure  of  Pine  River 
and  Sandy  Lakes  perimeter  dikes  is  of  greatest  concern  and  would  produce 
the  most  low  water  damages.  These  potential  damages  would  be  pre¬ 
vented  by  upgrading  the  perimeter  dikes  to  prevent  failure;  this 
would  be  a  principal  benefit  from  this  construction. 

A  discussion  of  each  of  the  four  lakes  with  perimeter  dikes  follows. 
Pine  River  Lake  (100  percent  loss  of  water  levels  to  natural  conditions) 

A  failure  of  dike  No.  14  (or  13)  would  cause  downstream  flooding 
in  a  series  of  lake  areas,  and  water  would  enter  the  Pelican  River  south 
of  the  Whitefish  Chain  of  Lakes.  The  Pelican  River  flows  into  the 
Little  Pine  River  and  then  into  the  Mississippi  River.  The  average  an¬ 
nual  summer  low  water  levels  could  drop  from  1227.0  to  1215.2. 


Pokegama  Lake  (less  than  100  percent  loss  of  water  levels  to  natural 
conditions) 


Failure  of  dike  No.  1  would  perhaps  lower  the  lake  to  only  eleva¬ 
tion  1172.5  or  about  one-half  foot  lower  than  the  average  annual  summer 
low  water  under  present  conditions. 
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Sandy  Lake  (100  percent  loss  of  water  levels  to  natural  conditions) 


A  failure  of  dike  No.  2  (or  possibly  No.  1)  would  lower  the  average 
annual  low  water  levels  from  elevation  1213.3  to  approximately  elevation 
1209  on  an  average  annual  basis. 

Winnibigoshish  Lake  (slight  effect  on  average  annual  low  water  levels) 

Failure  of  perimeter  dikes  Nos.  2,  3,  and  possibly  4  would  allow 
Winnibigoshish  Lake  to  flow  south  to  Six  Mile  Lake  and  then  into  the  Leech 
Lake  River.  However,  the  overflow  section  would  be  about  the  same  elevation 
as  the  average  annual  low  water  level  under  present  conditions  (elevation 
1298). 

RECOMMENDED  ACTION 

Recommended  actions  for  the  headwaters  lakes  perimeter  dikes  are 
given  below. 

a.  No  further  investigation  of  the  28  perimeter  dikes  is  recom¬ 
mended  in  a  stage  3  Mississippi  River  Headwaters  Lakes  Study  report. 

The  28  perimeter  dikes  should  be  included  for  detailed  inspection  and 
testing  in  the  District's  regular  scheduled  maintenance  program.  The 
dikes  that  require  additional  height  to  meet  standard  project  flood 
criteria  could  not  be  economically  justified,  except  possibly  those 
for  Pokegama  Lake.  The  Pine  River  Lake  dikes  which  do  not  require 
raising  but  would  require  riprap  protection  appear  to  be  economically 
justified. 

b.  Sixteen  Pine  River  and  two  Pokegama  Lake  dikes  should  he  scheduled 
tor  upgrading  with  riprap  protection  and/or  raising  as  concluded  in  this: 
study.  The  riprap  protection  jork  would  be  accomplished  under  the  present 
operation  and  maintenance  program  authority.  However,  the  Corps  would 
have  to  obtain  additional  authority  to  pursue  raising  any  perimeter  dikes. 

I  ho  remaining  10  perimeter  dikes  on  Pokegama  Lake  and  other  areas  should 
be  cleared  of  brush  and  trees  and  properly  monumented,  with  the  exception  ot 
dike  No.  1  at  Lake  Winnibigoshish.  This  dike  could  not  be  located  under 
an  existing  roadway. 
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c.  A  Flood  Assurance  Program  was  initiated  by  the  Corps  of  Engineers 
in  response  to  an  Executive  Memorandum  dated  23  April  1977.  The  memoran¬ 
dum  was  addressed  to  all  agencies  and  departments  and  concerned  dam 
safety.  The  new  program  essentially  requires  Corps  dams  to  meet  the  same 
standards  as  non-Federal  dams.  The  perimeter  dikes  could  be  included 

in  further  evaluations  under  this  relatively  new  program.  This  program 
is  separate  from  the  1972  National  Dam  Safety  Act  that  applied  only  to 
non-Federal  dams. 

d.  Dikes  Nos.  13  and  1A  at  the  Pine  River  Lakes  area  meet  the 
standard  project  flood  design  height  criteria  but  have  a  special  seepage 
problem.  Seepage  of  5  to  20  cfs  at  various  locations  downstream  of  these 
two  dikes  was  observed  during  an  October  1977  field  inspection.  Free 
seepage  from  the  dike  toes  and  natural  abutment  materials  between  dikes 
Nos.  13  and  1A  was  observed  during  that  inspection.  The  seepage  has 
occurred  for  some  time  and  causes  the  area  to  stay  open  all  winter.  The 
seepage  is  thought  to  result  because  the  dike  was  built  on  natural  ground 
that  was  not  first  stripped  of  the  overlying  vegetative  material. 

One  boring  was  taken  in  the  area  and  several  more  should  be 
scheduled  to  determine  the  physical  characteristics  of  the  embankment 
material  and  the  seepage  potential  through  the  dike.  Field  personnel 
were  instructed  to  monitor  the  situation  monthly  and  to  observe  and 
report  any  changes.  A  permanent  solution  to  the  seepage  problem  should 
be  developed  and  implemented  under  the  Corps  operation  and  maintenance 
authority. 


e.  Additional  survey  is  needed  to  locate  all  of  the  dikes  in 
plan  view.  The  survey  would  locate  the  ends  of  each  dike  and  monument 
them  for  future  reference  and  for  possible  acquisition  of  property.  The 
dikes  should  then  be  recorded  on  site  plan  maps  of  sufficiently  detailed 
scale.  Additional  dike  cross  section  work  is  also  required  to  better 
define  accurate  work  quantities.  The  28  dikes  should  all  be  cleared  of 
brush  and  trees  prior  to  monumentat ion  with  the  exception  of  dike  No.  1 
at  Winnibigoshish  Lake  which  could  not  be  located  under  an  existing  roadway. 
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PLATE  SUMMARY 

Number  Item 

A-95  Earth  dikes  (location  map). 

A-96  Sandy  Lake  Dam,  construction  of  access  road,  general  plan 
and  borings. 

A-97  Detailed  dike  location  map,  Wlnnibigoshish  Lake. 

A-98  Detailed  dike  location  map,  Pokegama  Lake. 

A-99  Detailed  dike  location  map,  Sandy  Lake. 

A- 100  Detailed  dike  location  map,  Pine  River  Lake. 

A- 101  Dike  No.  13,  Cross  Lake-Pine  River  dike  profiles  and 
sections. 
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Dike  No.  14,  Cross  Lake-Pine  River  dike  profiles  and 
sections . 
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PlATt 


PROBLEM  7  -  WHITEFISH  LAKE  CHANNEL  OBSTRUCTIONS  AND  MARKING 


BACKGROUND 

The  Pine  River  Dam  at  Cross  Lake  controls  the  levels  of  12  lakes 
known  locally  as  the  Whitefish  Chain  of  Lakes.  The  Pine  River  Dam  was 
constructed  and  placed  in  operation  during  the  period  1884-1887  and 
was  replaced  by  a  concrete  structure  between  1905  and  1908. 

Tree  stumps  and  sandbars  in  connecting  channels  between  several 
lakes  of  the  Whitefish  Chain  provide  a  hazard  to  boats  during  low  water 
periods  such  as  occurred  in  1976.  In  some  cases  the  connecting  channels 
are  very  narrow  and  tend  to  silt  in  fairly  rapidly  due  to  littoral  drift. 
The  connecting  lake  inlets  provide  serious  problems  to  boats  moving 
from  one  lake  to  another. 

The  1976  low  water  receded  to  1227.7  in  October  in  the  Whitefish 
Chain  of  Lakes.  This  level,  although  lower  than  normal,  was  well  above 
the  desirable  minimum  lower  operating  level  of  the  lake  chain  (elevation 
1227.32).  The  Trout  Lake  to  Lower  Whitefish  Lake  area  was  a  major 
problem  during  this  period. 

Present  desirable  operating  levels  for  the-  Whitefish  Chain  of  Lakes 
are  from  1229.07  to  1229.57  during  the  recreation  season  and  from 
1227.32  to  1230.32  during  the  remainder  of  the  vear.  Operation  of  the 
Whitefish  Lakes  originally  varied  from  1217.62  to  1234.82,  but  in  the 
1930' s  these  maximum  limits  were  revised  to  1225.31  to  1231.32  by  War 
Department  regulations. 

GEOLOGY  AND  SOILS 

No  formal  program  of  subsurface  investigations  was  conducted  for 
this  area  due  to  funding  constraints.  A  detailed  sampling  regime  for 
chemical  and  total  particle  size  has  been  recommended.  The  sampling 
program  would  probe  the  proposed  depth  of  elevations,  wit!)  sample  cores 
taken  every  500  feet.  The  cost  of  this  program  is  estimated  at  over 
$27,000,  The  information  obtained  from  this  program  will  also  provide 
valuable  soils  information. 


HYDROLOGY  AND  HYDRAULIC  STUDIES 


At  several  area  meetings  in  1977,  at  least  20  problem  sites  were 
identified  by  local  property  owners  as  requiring  some  form  of  improve¬ 
ment.  Six  of  the  20  sites  were  further  identified  as  possibly  justi¬ 
fying  Federal  cost  sharing  for  construction.  Benefits  relating  to 
structural  improvement  could  be  defined  for  these  six  sites,  whereas 
the  other  identified  sites  could  not  be  justified.  The  20  locations 
are  shown  on  plate  A-96. 

The  six  channels  previously  discussed  would  be  dredged  and  lined 
with  riprap,  forming  jetties  on  either  side  of  the  channels.  The  length 
of  jetties  was  determined  for  each  location  based  on  the  individual  site 
characteristics  and  orientation  to  the  prevailing  wind  direction.  The 
location  and  length  of  jetties  were  further  determined  based  on  evaluation 
of  sediment  buildup  at  each  channel  location  over  a  period  of  19  years. 
Aerial  photographs  of  1957  and  1976  and  U.S.  Geological  Survey  quadrangle 
sheets  for  the  period  1959-1960  were  used  to  estimate  the  rate  of  accre¬ 
tion  in  the  channel  locations.  The  six  channel  sites  are  shown  on  plates 
A-97  through  A- LOO. 

Further  investigation  revealed  that  the  Minnesota  Department  of 
Natural  Resources  had  also  constructed  a  similar  type  of  channel  improve¬ 
ment  between  Upper  Whitefish  and  Arrowhead  Lakes  in  1960.  (Tin  location 
of  this  latter  work  is  shown  on  plate  A-97.)  The  manner  of  aocret ion  from 
littoral  drift  and  the  manner  of  scour  taking  place  at  the  Department  of 
Natural  Resources  site  were  also  used  as  a  guide  to  develop  preliminary 
designs  for  cost  estimates. 

Tiie  six  Whitefish  Lake  channels  were  designed  to  have  a  fc>. 0-foot 
depth  below  the  minimum  operating  level  of  1227.07.  This  alternative 
would  provide  adequate  depth  for  boats  traveling  these  channels.  The 
6-foot  low  water  depth  is  a  minimum  recommended  in  the  December  1974, 
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U.S.  Army  Corps  of  Engineers  Special  Report  No.  2,  Design,  Construction, 
and  Operation  of  Small-Craft  Harbors.  This  report  recommends  a  minimum 
channel  width  of  50  feet  or  five  times  the  beam  width  of  the  widest 
boat  using  the  area.  Extra  width  is  required  if  sailboats  use  the 
channel . 

The  alternatives  investigated  used  40-foot  and  75-foot  channel 
bottom  widths.  The  40-foot  width  seemed  to  be  most  desirable  to  .« 

Whitefish  Lake  property  owners,  and  the  75-foot  width  met  the  beam  , 

width  criteria  of  the  Corps  of  Engineers.  The  75-foot  bottom  width  j 

i 

channel  is  recommended  wherever  it  is  economically  feasible,  and  a  , 

40-foot  bottom  is  recommended  where  the  75-foot  bottom  is  not  feasible.  \ 

The  dredged  channels  would  have  IV  on  3H  side  slopes.  Riprap  jetties 

would  be  placed  on  each  side  of  the  excavated  channels,  and  the  dredged  I 

material  would  be  placed  on  the  outside  or  landward  side  of  the  jetties,  j 

The  dredged  material  would  be  moved  by  dragline  and,  in  most  instances,  j 

I 

would  be  placed  partially  on  land  and  partially  in  water  areas  adjacent  \ 

to  the  jetties.  j 

Tlie  dredged  material  would  consist  primarily  of  sand  and  other 
lake  sediments  and  would  be  used  to  build  up  land  access  to  the  riprap 
jetty  piers.  The  piers  could  provide  fishing  access  as  well  as  a  boat 
channel  passage  between  the  lakes.  The  six  jetty  and  disposal  areas 
and  typical  cross  sections  are  shown  on  plates  A-101  through  A-104. 

A  design  aid  showing  prevailing  wind  directions  is  also  shown  on  plate 
A- 1 0  5 . 

General  comments  and  length  of  design  channel  at  each  location 
based  on  the  above  sources  and  on  field  inspections  of  the  area  follow. 

Bertha  Lake  to  Whitefish  Lake.  -  The  proposed  site  has  a  fairly  stable 
shoreline  on  both  sides  of  the  proposed  channel.  The  proposed  channel 
and  two  jetty  lengths  are  300  feet.  There  is  a  Corps  public  access 

on  this  lake.  Channel  bottom  would  be  75  feet  wide  at  6  feet  below  f 

elevation  1227.07  (2  feet  below  minimum  summer  pool),  with  side  slopes  ! 

3H  to  IV. 
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Lower  Hay  Lake  to  Whitefish  Lake.  -  Some  sediment  transport  and  shoal¬ 
ing  are  occurring  at  this  location.  Littoral  drift  moves  from  west 
to  east  along  the  connecting  sand  spot.  A  300-foot  channel  and  jetty 
length  was  used  but  consideration  should  be  given  to  using  a  longer 
jetty  leg  on  the  west  side  of  the  channel  extending  into  Whiteflsh  Lake 
during  the  detailed  design  stage.  There  is  a  Corps  public  access  on 
this  lake.  Channel  bottom  would  be  75  feet  wide  at  6  feet  below  eleva¬ 
tion  1227.07  (2  feet  below  minimum  sunnier  pool),  with  side  slopes  of 
3H  to  IV. 

Big  Trout  Lake  to  Whiteflsh  Lake.  -  Actual  experience  with  limited 
dredging  efforts  by  local  people  at  this  location  indicates  that  this 
channel  area  can  fill  in  again  in  a  matter  of  months  if  the  work  is  not 
done  properly.  Accretion  can  be  expected  on  the  east  side  of  the 
channel  in  Whitefish  Lake.  Prevailing  southwest  winds  move  sand 
directly  into  the  present  channel.  There  is  a  Corps  public  access  on 
Big  Trout  Lake.  A  100-foot-long  channel  is  proposed  with  a  75-foot 
bottom  width  at  6  feet  below  elevation  1227.07  (2  feet  below  minimum 
summer  pool),  with  channel  side  slopes  of  3H  to  IV. 

Pig  Lake  (Last  Bay)  to  Whitefish  Lake.  -  This  area  has  not  been  dredged 
since  1957  and  possibly  not  before  that.  A  200-foot-long  channel  and 
jetty  should  he  adequate.  A  40-foot  channel  bottom  width  at  6  feet  below 
elevation  1227.07  (2  feet  below  minimum  summer  pool)  and  3H  on  IV  side 
slopes  are  proposed  for  this  location.  A  75-foot  bottom  at  a  lower  depth 
is  not  economically  feasible. 

1  s 1  and  Lake  to  Whitefish  Lake.  -  The  lake  access  opening  is  narrowing  as 
accretion  builds  slowly  on  the  north  and  south  sand  points.  The  progres- 
sion  of  buildup  to  the  east  is  insignificant.  A  300-foot  channel  length  and 
jetties  are  proposed.  Channel  bottom  width  would  be  75  feet  at  6  feet 
below  elevation  1227.07  (2  feet  below  minimum  summer  pool),  with  311  on  IV 
channel  side  slopes. 
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Loon  Lake  to  Island  Lake.  -  The  growth  of  land  or  buildup  from  Island 
Lake  to  Loon  Lake  appears  to  be  about  350  feet  in  about  19  years,  or 
about  18  feet  on  the  average.  The  progressive  buildup  is  largely 
northeastward  to  Loon  Lake.  A  600-foot  channel  length  and  jetties  are 
proposed  here.  Channel  bottom  width  would  be  40  feet  at  6  feet  below 
elevation  1227.07,  with  3H  on  IV  side  slopes.  A  75-foot  bottom  at  a 
lower  depth  is  not  economically  feasible  at  this  site. 

COST  ESTIMATE 

Preliminary  construction  cost  estimates  are  presented  in  the  follow 
ing  tables  for  each  of  the  six  proposed  channel  work  sites.  All  initial 
costs  in  October  1977  price  levels  are  indexed  to  October  1981.  Interest 
is  at  7  5/8  percent  with  a  50-year  project  life.  A  summary  table  for 
all  six  sites  precedes  the  detailed  cost  summaries. 
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Estimate  of  construction  costs 


Item  Un 

Bertha  to  Whitefish 

Federal  first  costs 

Mobilization  Lump  sum 

Clearing  Lump  sum 

Dredging  CY 

Riprap  CY 

Polyfilter  SF 

Contingencies 
Engineering  and  design 
Supervision  and  administration 

Total  Federal  first  cost 

Non-Federal  first  costs 


Quantity 


Unit  cost 


CY 

3,860 

$5.00 

CY 

3,600 

25.00 

SF 

25,200 

0.50 

Lands 

Acquisition 

Contingencies 


Acre 

Lump  sum 


2,000.00 


Total  non-Federal  first  cost 
Total  first  costs 
Federal  annual  charges 

Interest  and  amortization  ($170,200  x  0.06909)^^ 
Operation  and  maintenance  cost  (assume  50  percent 
redredging  every  2  years,  50-year  project  life) 

(12.078)(2)  x ($11x100  +  $1^Q00)  =  $128,600 
0.06909  x  $128,600 

Total  Federal  annual  charges 

Non-Federal  annual  charges  -  Interest  and  amortization 
($12,600  x  0.06909) 

Total  annual  charges 

Annual  benefits 

Benefit-cost  ratio 


$11,800 


8,900 


Total  cost 
(1977  prices) 


$1,000 
400 
19 , 300 
90,000 
12,600 
24,700 
11,100 
11,100 

170,200 


8,000 

2,500 

2.100 

12,600 

182,800 


20,700 

900 

21,600 

112,000 

5.2 
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Estimate  of  construction 

costs  (cont) 

Item 

Unit 

Quantity 

Unit  cost 

Total  cost 

(1977  prices) 

Big  Trout  to  Whitefish 

Federal  first  costs 

Mobilization 

Lump  sum 

$1,000 

Clearing 

Lump  sum 

- 

- 

800 

Dredging 

CY 

4,930 

$5.00 

24,700 

Riprap 

CY 

3,600 

25.00 

90,000 

Polyfilter 

SF 

25,200 

0.50 

12,600 

Contingencies 

25,800 

Engineering  and  design 

11,600 

Supervision  and  adminis 

t rat ion 

11,600 

Total  Federal  first  cos 

ts 

178,100 

Non-Federal  first  costs 

Lands 

Acre 

4.0 

2,000.00 

8,000 

Acquisition 

Lump  sum 

- 

- 

2,500 

Contingencies 
Total  Non-Federal  first  cost 
Total  first  costs 
Federal  annual  charges 

Interest  and  amortization  ($178,100  x  0.06909)^ 

Operation  and  maintenance  cost  (assume  50  percent 
redredging  every  2  years,  50-year  project  life) 

(12.078)'2)  x  ($24.700  +  $1,000)  ■=  $161,200 
2 

0.06909  x  $161,200 

Total  Federal  annual  charges 

Non-Federal  annual  charges  -  interest  and 
amortization 
$12,600  x  0.06909 

Total  annual  charges 

Annual  benefits 

Benefit-cost  ratio 


2,100 

12,600 

190,700 


$12,300 


11,100 


23,400 

900 

24,300 

117,600 

4.84 
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Estimate  of  construction  costs  (cont) 

Item  Unit  Quantity  Unit  cost 


East  Bav  Pig  Lake  to  Whiteflsh 
Federal  first  costs 


Mobilization  Lump  sum 

Dredging  CY 

Riprap  CY 

Polyfilter  SF 

Contingencies 
Engineering  and  design 
Supervision  and  administration 

Total  Federal  first  cost 

Non-Federal  first  costs 


Lands  Acre 

Acquisition  Lump  sum 

Contingencies 

Total  non-Federal  first  cost 


1,725  $5.00 
1,200  25.00 
8,400  0.50 


3.0  2,000.00 


Total  first  costs 


Federal  annual  charges 

Interest  and  amortization  ($60,400  x  0.06909)^^  $4,200 


Operation  and  maintenance  cost  (assume  50  percent 

50-year  project  life) 

_  $64,000 

2 

0.06909  x  $64,000 


redredging  every  2  years,  50-} 
(12.078)  7  x($8,600  +  $1,000) 


4,400 


Total  Federal  annual  charges 


Non-Federal  annual  charges  -  interest  and 
amortization  ($10,200  x  0.06909) 


Total  annual  charges 


Annual  benefits 


Benefit-cost  ratio 


Total  cost 
(1977  prices) 


$1,000 

8,600 

30,000 

4,200 

8,800 

3.900 

3.900 

60,400 


6,000 

2,500 

1.700 

10,200 

70,600 


8,600 


700 

9,300 

11,000 

1.18 
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Estimate  of  construction  costs  (cont) 

Item  Unit  Quantity  Unit  cost 

Island  to  Whitefish 


Total  cost 
(19  7  7“  prices) 


Federal  first  costs 


Mobilization 

Lump  sum 

- 

- 

$1,000 

Dredging 

CY 

3,230 

$5.00 

16,200 

Riprap 

CY 

3,840 

25.00 

96,000 

Polyfilter 

SF 

26,800 

0.50 

13,400 

Contingencies 

25, 300 

Engineering  and  design 

11,400 

Supervision  and  administration 

11.400 

Total  Federal  first  costs  174,700 


Non-Federal  first  costs 

Lands  Acre  4.0  2,000.00  8,000 

Acquisition  Lump  sum  -  -  2,500 

Contingencies  2,100 

Total  non-Federal  first  costs  12,600 

Total  first  costs  187,300 

Federal  annual  charges 


Interest  and  amortization  ($174,700  x  0.06909)^  $12,100 


Operation  and  maintenance  cost  (assume  50  percent 
redredgj.ng  every  2  years  -  50-year  project  life) 

(12.078)  7  *  ($16,200  +  $1,000)  -  $109,900 
2 

0.06909  x  $109,900  7.600 


Total  Federal  annual  charges 


19,700 


Non-Federal  annual  charges  -  interest  and 
amortization  ($12,600  x  0.06909)  900 


Total  annual  charges 

20,600 

Annual  benefits 

35,500 

Benefit-cost  ratio 

1.72 
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_ Estimate  of  construction  costa  (cont) _ 

_ Item _ Unit  Quantity  Unit  cost  Total  cost 

(iy//  prices 

Loon  to  Island 


Federal  first  costs 


Mobilization 

Lump  sum 

- 

- 

$1,000 

Dredging 

CY 

3,325 

$5.00 

16,600 

Riprap 

CY 

1,920 

25.00 

48,000 

Polyfilter 

SF 

13,440 

0.50 

6,700 

Contingencies 

14,500 

Engineering  and  design 

6,500 

Supervision  and  administration 

6,500 

Total  Federal  first  costs 

99,800 

Non-Federal  first  costs 

Lands 

Acre 

4.0 

2,000.00 

8,000 

Acquisition 

Lump  sum 

- 

- 

2,500 

Contingencies  2,100 

Total  non-Federal  first  cost  12,600 

Total  first  costs  112,400 

Federal  annual  charges 

Interest  and  amortization  ($99,800  x  0.06909)^  $6,900 

Operation  and  maintenance  cost  (assume  50  per¬ 
cent  redredging  every  2  years  -  50-year  project 
life)  (2) 

(12. 07  8) v  'x  ($16,600  +  $1,000)  ■=  $112,300 


2 

0.06909  x  $112,300  7,800 

Total  Federal  annual  charges  14,700 

Non-Federal  annual  charges  -  interest  and 
amortization  ($12,600  x  0.06909)  900 

Total  annual  charges  15,600 

Annual  benefits  16,400 


Benefit-cost  ratio  1.05 

(1)  Equal  payment  series  capital  recovery  factor  for  50  interest 
periods  and  6  5/ 8-percent  interest. 

(2)  Equal  payment  series  present  worth  factor  for  25  interest 
periods  and  6  5/8-percent  interest. 
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BENEFITS 


Benefits  for  the  proposed  channel  projects  involving  Whitefish 
Lake  were  derived  using  a  simple  approach.  Natural  channel  passages 
from  the  main  Whitefish  Lake  to  each  of  the  satellite  lakes  investi¬ 
gated  tend  to  shoal  in  due  to  wind  and  wave  action  and  littoral  drift. 
A  significant  decrease  in  property  values  on  the  satellite  lakes  has 
occurred  because  guaranteed  access  to  the  main  Whitefish  Lake  cannot 
be  maintained.  This  loss  varies  from  $70  to  $90  per  foot  of  shoreline 
property  based  on  1973  surveys  of  lakes  in  the  immediate  area.  If 
complete  access  to  the  main  Whitefish  Lake  were  lost,  the  property 
owners  on  the  seven  lakes  listed  in  the  following  table  would  sustain 
losses  in  property  values  amounting  to  $9,536,100,  based  on  $70  per 
foot  decrease  in  value. 


Benefit 

derivation 

Lake 

Total  shore¬ 
line  (miles) 

Property 
value  loss 

Annual ,  . 
benefit 

Bertha  (includes 

Clamshell) 

8.2 

$3,030, 70Q 

$237,000 

Lower  Hay 

4.4 

1,626,600 

127,200 

Big  Trout 

8.6 

3,178,600 

248,700 

Pig  (East  Bay) 

0.8 

295,700 

23,100 

Island 

2.6 

961,000 

75 ,  .100 

Loon 

1.2 

.  JilLLm. 

34,700 

Total 

25.8 

9,536,100 

745,800 

(1)  Annualized 

property  value  loss 

at  7  5 /8-percent 

interest  and 

50-year  life. 


A-269 


Annual  benefits  In  the  previous  table  were  reduced  by  25  percent 
for  use  in  all  benefit-cost  comparisons.  It  was  assumed  that  100 
percent  of  possible  annual  benefits  could  not  reasonably  be  obtained 
with  the  improved  channels,  because  they  would  silt  in  gradually 
or  during  severe  storms.  Thus,  75  percent  of  the  possible  benefits, 
as  shown  in  the  following  table,  were  used  in  the  benefit-cost 
comparison. 


Lake  site 

Annual  benefit 

Bertha 

$177,750 

Lower  Hay 

95,400 

Big  Trout 

186,525 

Pig  (East  Bay) 

17,325 

Island 

56,325 

Loon 

26.Q25 

To  tal 

559,350 

RECOMMENDED  ACTION 

Permanent  connecting  channels  at  six  locations  in  the  Whitefish 
Chain  of  Lakes  are  economically  feasible.  These  six  connecting  channels 
could  be  dredged  to  provide  adequate  width  and  depth  at  low  water 
elevations.  The  channels  would  be  paralleled,  as  required,  by  rock 
Jetties  to  insure  permanence  and  provide  shore  access  for  fishing. 

An  authorized  local  sponsor  has  not  agreed  to  support  this  proposal; 
thus,  the  project  is  not  recommended  for  further  study.  If  a  suitable 
sponsor  were  found,  the  project  could  be  investigated  further  under 
the  small  projects  authority. 
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PLATE  SUMMARY 


Number 

A-103 
A- 104 
A- 105 
A- 106 
A- 107 
A- 108 
A- 109 
A- 110 
A-lll 
A- 112 


Item 

Location  map,  Whitefish  Lake  area 

Aerial  location 

Aerial  location 

Aerial  location 

Aerial  location 

Jetty  and  disposal  map 

Jetty  and  disposal  map 

Jetty  and  disposal  map 

Typical  channel  cross  sections 

Wind  rose 
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Hate  A- 109 


WHITEFISH  LAKE 

TYPICAL  CROSS  SECTIONS 
AND  JETTY  CRITERIA 

CORPS  OF  ENGINEERS 
ST  PAUL  DISTRICT 


PROBLEM  8  -  LEECH  LAKE  DAM  INLET  CHAMsIEL  RESTRICTIONS 


BACKGROUND 

A  physical  problem  occurs  when  excess  storage  is  released  from 
Leech  Lake  at  flow  rates  in  the  1,000-cfs  range.  The  problem  is  most 
noticeable  when  the  lake  is  in  the  1293.7  to  1294.9  range  during  pro¬ 
longed  winter  drawdowns  for  flood  control  (1294.9  is  the  normal  Leech 
Lake  summer  level) . 

Attempts  to  release  1,000  cfs  at  the  indicated  pool  levels  produce 
a  0.3-  to  l--foot  elevation  differential  between  Leech  Lake  and  the  Leech 
Lake  Dam,  a  distance  of  9,600  feet.  This  differential  results  from 
(1)  the  relatively  long  inlet  channel,  which  is  part  of  the  old  Leech 
Lake  River,  (2)  sediment  buildup  in  the  inlet  channel  and  at  the  lake 
outlet,  and  (3)  weed  growth  and  floating  bog. 

GEOLOGY  AND  SOILS 

No  formal  program  of  subsurface  investigation  was  conducted  for 
this  area  due  to  funding  constraints.  A  detailed  sampling  regime  for 
chemical  and  total  particle  size  has  been  recomnended.  The  sampling 
program  would  probe  the  proposed  depth  of  excavation  with  sample  cores 
taken  every  500  feet.  The  cost  of  the  program  is  estimated  at  over 
$30,000.  The  information  obtained  from  the  program  would  also  provide 
valuable  soils  information.  Soundings  and  core  samples  were  taken  along 
a  range  line  in  the  Leech  Lake  inlet  area  in  1912,  as  shown  on  plate  A-107. 
These  samples  showed  that  the  inlet  bottom  is  covered  by  "muck"  from  1  to 
7  feet  thick  and  this  material  is  underlain  by  sand  and  clay  and  some¬ 
times  quicksand. 


HYDROLOGY  AND  HYDRAULIC  STUDIES 


District  records  indicate  that  the  river  inlet  on  the  lakeshore 
to  the  dam  was  never  dredged.  The  topography  on  plates  A-108  and 
A-109  shows  natural  conditions  for  1907,  1912,  and  1977.  Vegetation 
growth  and  sedimentation  have  effectively  raised  the  general  inlet 
bottom,  restricting  the  lake  outflow  almost  entirely  to  the  present  (1977) 
main  channel.  However,  the  present  main  channel  appears  more  well  defined 
now  than  in  1912,  probably  due  to  the  current  maintenance  practice  of 
removing  vegetation  and  floating  bog  from  the  main  channel  and  from  the 
heavy  summer  use  of  the  channel  by  recreational  craft.  A  number  of 
outlet  bays  were  eliminated  in  the  Leech  Lake  Dam  over  the  years  of 
operation,  and  this  has  also  influenced  the  channel  to  become  more 
confined  laterally. 

Comparing  the  1912  and  1977  contours  shows  that  the  present  channel 
center  line  has  shifted  northeastward,  primarily  in  the  reach  from  cross 
section  7  to  Leech  Lake.  The  1977  channel  center  line  now  lies  in  what 
was  shoreline  in  1912.  It  appears  that  this  shift  in  channel  was  pro¬ 
duced  in  response  to  lake  wave  action. 

An  existing  channel  roughness  or  "n"  value  was  developed  based  on 
an  observed  flow  of  740  cfs,  with  6  inches  of  ice  cover  and  backwater 
conditions  on  1  December  1977.  An  improved  channel  with  a  100-foot  bottom 
width,  1  on  4  side  slopes,  and  a  slope  of  0.000085  would  increase  the 
1  December  1977  channel  flow  capacity  to  a  desired  1,000  cfs  (plate  A— 110) 
at  1  foot  below  normal  summer  lake  elevation  1293.7.  The  water  level  at 
the  Leech  Lake  Dam  would  be  at  1293.4  at  this  lake  elevation  and  channel 
flow. 


The  required  channel  excavation  would  be  from  station  0+00  to 
132+00  as  shown  on  plate  A-110.  The  quantities  involved  are: 
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Item 


Cubic  yards 


Channel  161,000 

Lake  shoals  at  inlet  25.000 

Total  186,000 

Plate  A-107  shows  the  location  of  training  jetties  as  proposed 
in  1913.  Training  jetties  were  proposed  on  each  side  of  a  primary 
inlet  channel,  which  would  decrease  shoaling  and  direct  lake  outflow 
into  the  channel  inlet  leading  to  Leech  Lake  Dam.  The  channel  inlet 
shift  since  1912  appears  to  support  the  theory  that  the  jetties 
would  work.  However,  the  high  cost  of  jetties  and  uncertainties  about 
drift  direction  and  quantity  of  drift  make  this  suggestion  impractical 
for  a  flow  improvement  of  only  260  cfs. 

COST  ESTIMATE 

The  cost  estimate  shown  in  the  following  table  is  based  in  part 
on  similar  work  scheduled  for  actual  construction  within  the  District 
at  Angle  Inlet,  Lake  of  the  Woods,  Minnesota.  The  dredging  would 
be  accomplished  with  a  portable  dredge  and  the  dredged  material  would 
be  pumped  to  a  diked  disposal  area  as  shown  on  plate  A-106.  The 
dimensions  of  the  proposed  diked  disposal  area  are  shown  on  plate  A— 111. 
No  maintenance  costs  are  included  in  the  proposal  for  a  50-year  life 
project  as  no  previous  dredging  was  accomplished  in  the  preceding 
94  years. 
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Detailed  estimate  of  construction  costs  (1977  prices) 


Item 


Unit _ Quantity 


Unit 

cost 


First  cost 


Construction 


Mobilization  and 
demobilization 
Dredging 

40-acre  disposal 
area 

Land  acquisition 


Job 

CY 


Sum 

186,000 


$3.00 


Job 

Acre 


Sum 


40 


Total  construction  cost 
Contingencies 
Engineering  and  design 
Supervision  and  administration 
Total  first  cost 
Average  annual  costs 


Annualized  first  cost  at  6  5/8  percent 
interest  and  50-year  life  =  0.06904  x  $876,000 


Estimated  zero  maintenance  in  50  years 


Total  average  annual  costs 

(1) 


Average  annual  benefits 
Benefit-cost  ratio 


Total 


cost 


$20,000 

558,000 


57,000 

0 


635,000 

87,000 

77,000 

77,000 


876,000 


60,500 

_ Q. 


60,500 

143,000 

2.36 


(1)  Benefits  were  derived  as  described  in  the  following  section  on 
benefits. 


BENEFITS 


1 


Belief  its  were  derived  for  the  proposed  Leech  Lake  inlet  proposal 
by  estimating  the  amount  of  flood  damages  prevented  on  Leech  Lake  with 
and  without  the  project.  Increasing  the  Leech  Lake  inlet  winter  flow 
capacity  from  740  cfs  to  1,000  cfs  for  a  Leech  Lake  level  of  1293.7 
would  allow  an  additional  39,000  second-foot  days  (77,000  acre-feet) 
to  be  released  in  preparation  for  storing  spring  high  water.  The  added 

260-cfs  release  over  a  period  of  150  days  is  equivalent  to  a  0.6-foot 
stage  reduction  in  Leech  Lake. 
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The  1930-1976  graphical  median  high  water  level  on  Leech  Lake 
was  1295.5  (plate  A-112  for  2.33-year  frequency  or  43-percent  chance  of 
exceedence).  Assuming  that  a  1,000-cfs  or  greater  inlet  channel 
capacity  was  available  during  most  of  the  1936-1976  frequency  period, 
the  Leech  Lake  median  high  water  levels  would  average  0.6  foot  higher 
at  elevation  1296.1.  The  increased  damage  from  the  higher  levels  is 
approximately  $143,000  (plate  A-113).  The  following  table  summarizes 
the  costs  and  benefits  for  this  alternative. 

Benefit-cost  summary  -  dredging  alternative 


I  tern 

1977  prices 

1981  prices 

First  cost 

$876,000 

$1,173,800 

Annual  cost^ 

60,500 

91,800 

Annual  benefit 

143,000 

191,600 

Benefit-cost  ratio 

2.36 

2.09 

Interest  rate 

6  5/8 

7  5/8 

(1)  Based  on  50-year  project  life. 

RECOMMENDED  ACTION 

The  present  Leech  Lake  inlet  channel  could  be  dredged  to  improve 
the  hydraulic  capacity  of  the  Leech  Lake  Dam.  The  flow  capacity  of  the 
dam  has  been  reduced  since  1884,  when  the  dam  was  originally  constructed. 
Shoaling  in  the  vicinity  of  the  Leech  Lake  entrance  creates  an  obstruc¬ 
tion,  and  removal  of  about  186,000  cubic  yards  of  material  is  necessary 
to  provide  adequate  winter  drawdown  capabilities.  This  alternative  is 
not  recommended  for  further  investigation  in  stage  3  studies  but  is 
recommended  for  funding  in  fiscal  year  1981  under  the  St.  Paul  District's 
regular  scheduled  maintenance  program. 

DLATE  SUMMARY 

Number  Item 

A-113  Leech  Lake  Dam  inlet  channel  restrictions 

A-114  Alternative  channels  (1913) 

A— 1  15  1977  survey 

A- 116  Channel  center  line  and  elevations 

A— 117  Profile  of  proposed  channel  dredging 

A- 118  Leech  Lake  inlet  disposal  area 
A— 119  Elevation-frequency  analysis 

A- 120  Elevation-damage  curve 
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PLATE  A  119 


LEECH  LAKE 

ELEVATION  DAMAGE  CURVE 


39V1S 


DAMAGE  IN  1000*8  DOLLARS 


f  PROBLEM  9  -  LEECH  LAKE  MARSH  CHANNEL  CUTOFFS 

BACKGROUND 

The  Corps  of  Engineers  completed  channel  improvement  including 
straightening  and  closing  of  auxiliary  channels  in  the  areas  below 
Leech  Lake  and  Winnibigoshish  Dams  during  the  period  1914  to  1926. 

This  construction  was  accomplished  to  provide  more  efficient  flow 
of  water  to  Pokegama  Lake  Dam  and  for  downstream  navigation  below 
Minneapolis.  The  improved  channel  depths  resulting  from  this 
straightening  provided  some  benefits  to  the  movement  of  logs  on  the 
Leech  Lake  and  Mississippi  Rivers.  Wild  rice  production  and  fish  and 
wildlife  resources  were  lost  because  of  the  channel  work.  Several 
dikes  on  the  Leech  Lake  River  upstream  of  Mud  Lake  could  restore  some 
of  the  habitat  lost  to  channel  straightening. 

GEOLOGY  AND  SOILS 

No  formal  program  of  subsurface  investigations  was  conducted  for 
this  area  as  the  preliminary  analysis  of  possible  diking  of  Leech  Lake 
Marsh  cutoffs  did  not  show  economic  feasibility. 

HYDROLOGY  AND  HYDRAULIC  STUDIES 

The  proposed  plan  of  improvement  was  first  proposed  in  1966  and 
is  shown  on  plate  A-114.  A. proximately  1,300  acres  of  dry  marsh  area 
would  be  inundated  with  an  average  depth  of  3  feet  of  water  by  restor¬ 
ing  and  raising  existing  dredged  material  disposal  banks  along  the 
Leech  Lake  River  downstream  from  Leech  Lake  Dam.  The  existing  dredged 
material  banks  were  the  result  of  channel  straightening  efforts  by 
the  St.  Paul  District  during  the  period  1914  to  1926. 


A-2<>5 


The  area  proposed  for  development  would  consist  of  the  4-mile 
reach  of  the  Leech  Lake  River  downstream  of  Leech  Lake  Dam.  Water 


would  be  released  from  Leech  Lake  Dam  through  a  new  control  structure 
and  could  be  supplied  to  four  diked  pools  along  the  Leech  Lake  River 
by  means  of  control  culverts  and  inverted  siphons.  The  inverted 
siphons  would  be  necessary  to  carry  flows  across  the  Leech  Lake  River 
in  two  places. 

Average  dike  heights  would  be  8  feet  and  pool  depths  would  be 
18  to  36  inches  for  growing  wild  rice.  All  control  structures  were 
sized  to  provide  18  inches  of  water  depth  for  all  pool  areas  within 
30  days.  Planimetered  pool  acreages  from  plate  A-114  are  as  follows: 

Pool  Area  (acres) 

1  80 

2  280 

3  540 

4  420 

Total  1,320 

The  above  pool  acreages  were  adjusted  to  account  for  private  wild 
rice  paddy  developments  which  have  occurred  in  the  area  since  the  project 
was  proposed  in  1966  (see  plate  A-115).  The  private  development  of 
wild  rice  has  reduced  the  proposed  pool  3  area  by  50  percent,  leaving 
only  about  270  undeveloped  acres  of  the  originally  proposed  540  acres. 

The  resulting  proposal  would  provide  1,050  surface  acres  for  wild  rice 
and  fish  and  wildlife  habitat  if  constructed  today. 

COST  ESTIMATE 

The  total  first  cost  of  this  project  would  be  $1,276,900.  An 
annualized  first  cost,  plus  $5,000  for  annual  operation  and  maintenance, 
results  in  a  total  annual  cost  of  $93,200  at  6  5/8-percent  interest 
and  a  50-year  project  life.  Annual  benefits  are  $53,250,  resulting  in 
an  unfavorable  benefit-cost  ratio  of  0.57.  The  following  table  is  a 
detailed  cost  estimate  for  this  proposal;  however,  the  project  is  not 
feasible. 
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Detailed 

estimate  of 

construction 

costs 

MSB 

Total 

Item 

Unit 

mm* 

cost 

(1977  prices) 

First  cost 

Construction 

Grade  and  shape 

existing  dikes 

CY 

52,500 

$1.00 

$52,500 

Construct  new  dikes 
Stripping  for  new 

CY 

247,500 

1.50 

371,200 

dikes 

Access  road  (pool 

CY 

33,000 

0.  55 

18,100 

2-4) 

Job 

Sum 

- 

13,600 

Access  road  on  dikes 
36-inch  RCP  water 

Job 

Sum 

246,200 

control.  Leech  Lake 
pool 

Job 

Sum 

14,800 

36-inch  RCP  water 

control,  pool 

1-2 

Job 

Sum 

_ 

7,100 

36- inch  RCP  water 

control,  pool  2  to 
river 

J  ob 

Sum 

_ 

13,700 

30-inch  steel, 

inverted  siphon, 
pool  2  to  3 

Job 

Sum 

_ 

30,900 

42- inch  RCP  water 

control,  pool  3 
to  river 

Job 

Sum 

_ 

14,300 

24-inch  steel 

inverted  siphon, 
pool  3-4 

Job 

Sum 

27,300 

4 2- inch  RCP  water 

control,  pool  4 
to  river 

Job 

Sum 

- 

14,300 

Total  construction  cost 

824,000 

Lands 

Ac  re 

2,025 

50.00 

101 ,250 

Cont ingencies 

185,050 

Engineering  and  design 

83,300 

Supervision  and  administration 

83,300 

Total  first  cost 

1,276,900 

Annual  cost 

Annualized  first  cost*"^ 

88,200 

Annual  operation  and  maintenance 

5,000 

Total  annual  cost 

93,200 

(1)  6  5/8-percent  Interest  and  50-year  project  life. 
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BENEFITS 


Benefits  were  determined  from  the  following  values  supplied 
by  the  State  of  Minnesota  for  a  proposed  subimpoundment  development 
elsewhere  on  Leech  Lake. 

Item  October  1977  value  per  acre 


Wild  rice 

$22.33 

Waterfowl 

20.35 

Muskrats 

3.95 

Mink 

1.28 

Pike  spawning 

2.80 

Total 

50.71 

$50. 71  x  1,050  acres  = 

$53,250 

The  summary  benefit-cost  analysis  for  this  proposed  development  is: 

Benefit-cost  ratio  -  $53,250  =  0.57 

$93,200 

The  following  table  summarizes  the  benefits  and  costs  for  the  alternative. 


Benefit-cost  summary  - 

Leech  Lake  marsh 

channel  cutoffs 

I  tern 

1977  prices 

1981  prices 

First  cost 

$1,276,900 

$1,711,000 

Annual  cost  * 

93,200 

140.5C3 

Annual  benefit 

53,250 

71,400 

Bene  fit- cost  ratio 

0.5  7 

0.51 

Interest  rates 

6  5/8 

7  5/8 

(L)  Based  on  a  50-year  project  life.  Includes  operation  and  maintenance 
costs. 


RECOMMENDED  ACTION 

The  development  of  marsh  areas  in  the  4-mile  reach  below  Leech 
Lake  Dam  is  not  economically  feasible.  No  further  action  is  recom¬ 
mended  for  this  proposed  project. 

PLATE  SUMMARY 
N  urn  be  r 
A- 1  2 1 
A- 122 


I  tern 

Proposed  improvements 
Existing  conditions 
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PROBLEM  9A  -  LEECH  LAKE  SUBIMPOUNDMENTS 

BACKGROUND 

The  proposal  to  construct  subdiking  on  Leech  Lake  is  considered 
an  extension  of  problem  9,  dealing  with  proposed  channel  diking  down¬ 
stream  of  Leech  Lake.  An  alternative  to  developing  the  diked-off  channel 
impoundments  downstream  of  Leech  Lake  Dam  would  be  to  develop  similar 
diked  impoundments  in  Leech  Lake  itself.  This  alternative  was  investi¬ 
gated  at  the  request  of  the  Minnesota  Department  of  Natural  Resources. 

The  objective  of  this  alternative  would  be  to  provide  benefits  to 
compensate  for  fish  and  wildlife  losses  that  occurred  in  the  area 
below  Winnibigoshish  and  Leech  Lake  Dams  during  the  period  1914  to 
1926.  The  potential  subimpoundments  could  provide  an  alternative 
to  the  previously  proposed  1,050  acres  of  diked-off  channel  impound¬ 
ments  downstream  of  Leech  Lake  Dam  (problem  9)  or  to  the  previously 
proposed  6,300-acre  White  Oak  Lake  development  upstream  from  Pokegama 
Lake  (problem  4). 

Four  possible  sub impoundment  locations  were  first  identified  on 
4  inch  =  1  mile  recent  aerial  photographs  and  on  U.S.  Geological  Survey 
quadrangle  maps  of  the  area.  The  four  areas  are  shown  on  plate  A-116. 

The  areas  were  selected  to  provide  somewhat  comparable  size  acreages 
to  the  previously  proposed  downstream  Leech  Lake  River  channel  im¬ 
poundments  or  to  the  proposed  White  Oak  Lake  impoundment.  The  areas 
were  also  selected  to  provide  the  least  interference  with  established 
uses  or  developments. 

A  summary  of  the  gross  areas  identified  is  shown  on  plate  A-116 
and  is  also  listed  in  the  following  tabulation: 


Site 

Bog  area 

Area  (a< 

1 

Bowstring 

2,300 

2 

Sugar  Point 

4,030 

3 

Boy  Lake 

1  ,375 

4 

Boy  Lake 

1,050 

Total 

8,755 
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Initial  evaluation  of  benefits  and  costs  indicated  project  feasi¬ 
bility  for  one  of  the  bog  areas  (Sugar  Point)  and  near  feasibility 
for  another  (Bowstring) .  These  initial  evaluations  assumed  develop¬ 
ment  of  the  entire  gross  area  of  each  bog  for  wildlife  purposes. 
However,  a  closer  evaluation  using  1976  and  1977  color  infrared 
photography  reduced  the  readily  developable  acreages  at  each  bog  loca¬ 
tion  and  resulted  in  no  economically  feasible  projects.  The  revised 
developable  acreages  are  as  follows: 

S ite  Bog  area  Area  (acres) 


1 

Bowstring 

629 

2 

Sugar  Point 

2,800 

3 

Boy  Lake 

1,049 

4 

Boy  Lake 

574 

Total 

5,052 

GEOLOGY  AND  SOILS 

No  formal  program  of  subsurface  investigations  was  conducted  for 
this  area  because  three  of  the  four  Leech  Lake  subimpoundments  did  not 
show  economic  feasibility  in  the  preliminary  analysis.  The  fourth 
sub  impoundment  showed  preliminary  economic  feasibility  but  was  elimi¬ 
nated  from  further  consideration  on  the  basis  of  subsequent  habitat 
surveys  and  advice  from  the  U.S.  Forest  Service  and  Fish  and  Wildlife 
Service . 

An  extensive  wetland  habitat  survey  was  conducted  of  the  entire 
Leech  Lake  shoreline  during  1977  and  1978.  The  predominant  cover  types 
in  the  four  bog  areas  were  found  to  be  sedge  meadow  bog,  floating  bog, 
leather  leaf  bog,  and  tamarack.  A  description  of  the  cover  types  and 
their  locations  in  the  Sugar  Point  bog  area  are  shown  on  the  following 
two  figures. 
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Leech  Lake  vegetation  classification  scheme 
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sionally  reach  the  Surface-  Pc*nd,.redi, 
Miter  r-arlgotd,  water  millfolt  and 
fhjra  sp. 

It  S».t  ■»<  gent  plants  of  light  or  scattered 
density  with  the  species  mi*  ay 

Type  10. 


J 2  rt.at-ng  ;-cnd««ed  a-d^or  water  n-lef y. 


Cat  eyory 
4 .  forest 


'  t  -  to .  s  t 
’  r  r  es  t  r ial 


My  I  to  *rd»>  stand  of  white  water 

lily,  c v v>al  1  y  including  a  few  of  the 
»..!  -eryrit  plants  fr-u'-d  in  Types  10 
and  I  I . 

N*2  Sv  a  1 1  e  <  «  d  white  .a!er  lily  a«-d  c.  .asional 
♦ut  e  r )C"tl- 

Sc  Soft  stem  bulrush. 

t  W.  Id  Rice. 

T  Cattail. 

Tm  Catta.l  ma'sh  --  includes  cattail  as 
the  du<- i  rant  and  *  edges,  '»ed  grass, 
bur  ieed  a’>d  will f'w . 

Pg  Seed  yr.iss  or  flag  g'.tss. 

•id  Mnd  flat  ‘  hr- 1  t  c»pcsed  by 

lowered  water  level. 


Sml  Open,  solid  be  t  t  irrfl  'edge  meadow. 
Sedges  a»e  <!.>-«.  nan  t,  ot**er  plants 
ray  include'  wetland  V-bs,  alder, 
bog  bi»ch,  willow,  cattail  ar-d  reed 
g-ass . 

Sm?  C;  en ,  ft.-atirg  se^ge  *ead-.*w.  Si" liar 
to  SmJ  in  -N«st  respects,  but  the 
shrub  component  is  r-v  -e  ci-'  M  imfiuS. 


sol  T,;. 

I#  A-  ;e-  t  ir.h 

r  a-  t  s;  ec  ies 

b  r  i  ►  ,  1  Gt  - 

A  .  e ’ age  stand 

lb  Tt  e  sa-e  S (  e  c 
SI  and  > r  ght 

?a  l  ;  ' d  *  ■»••*—« 
~r  t  e  i  *k ,  a" 
*  e  ght  .s  ’e*- 

?b  Tie  e  •  :  r i 

s  •  a  ■  d  ‘  e  '  g  n  t 

u  P.  a.r »  Ail  -ff 

f>'  ,,r- 

l  i.e  ''i  <*d  l  i  rr 

5a  Ta-aratk 

a  --all 

Sb  T  •  e  •  .1  me  •  . 

*e  i  get  in  i  C- 

ha  **  »ed  1  ’  a 


’•  r  a  *  f  c. 

JO  feet. 


f  t-  T»-e  •  a  e  ' :  - 

he -ght  is  70 

7a  U;-’a-  d  c .  •  -  f« 
,ack  I |"e. 
mi  at  u'e  of  * 
t‘an  ,’C  feet 

7b  Tie  •!>-r  •  •  •• 

‘  e  qM  is  0 

8a  *  »t  w'  e  c  f  .* 
Stand  k  e  I  ..  - 1 

Rb  T r-e  «■ .  e 

I  e • ght  is  ?f 


.bS 


Sm)  Brushy,  solid  ‘eelge  I'-eadow.  Similar 
to  Sml  ir  most  respects,  but  the 
shrub  tn-p.-nent  is  *«-<e  « (»*sni  r  „ouS . 

CmG  Flrati'ig  bri,yh>  sr  f,e  •«a,4OW. 

13  Open  leather  ’raf  * '  >cj  ■  l«at'er  leaf 
is  dn". -ant.  Also  included  are. 
laborador  tea.  sphag-uw  T'V  cotton 
grass  and  sometimes  a  scattering  of 
t  ar  a  r  ac  k  . 


5-  Open  A 

Te  r  f  est  r i «) 


Agr>cv.ltural 
1  and  (  i Os  1 i  d 


G 


G*«  c 


f  ‘  at 


S  f  h»a«r  ■■ 

I  Sa  °e  I  en  t  i  'm1 


15b  A  e  l  e  n  t  iar; 

r  rma  i ns  . 


!«• 


#  I 


B7 


B3 


R»  i, shy  leather  leaf  hc*q .  Airier  and 
!•»  -g  b  -  ' «  h  d-  i  na  t  e  t  •  «•  r-*e'strry. 

The  un«te.- story  is  "  of  h  like  type  13- 
There  may  also  be  as  wljCh  as  <’0t  i"-wn 
ti-ver  of  lowland  conifer. 


We f  1  and  shrub  mi*ture.  Willow, 
alder,  dogwood,  and  bog  birch  form 
nearly  I OQt  crown  cover  •-  unHerstOTy 

plants  are  i n< onsp • < whu* . 

Upland  shrub  *ii|u'e.  Thick  cover  of 
hrf /el,  aider ,  round  leaf  dogwood,  and 
grey  stem  d  ;a> od - 


6  Cevelr-g  -ehts  0 


M 

RS 

p 


7.  Physical 

features  and 

Bon" da r i es 


Road  right  of  way  m i *  t  yre  of  shrubs  and 
grass  Any  of  the  shr^b  species  cars 
be  found  as  well  as  some  small  trees 
and  grass. 


P  -  -  e  -  ‘  •  e  •  a  I 
si  ■  e  . -  .*■  r 


Pes-M  or 


Bes 


t  i  a  I 


Brave 


Cam 


N,,.  -.•rfe  Car 


P.y.ed  ‘  -,hwt 
1-re  I-  U'^ar 
Prr  ,r  t 


A- JO  I 


hyprologv  and  hydraulic  studies 


The  four  existing  hog  areas  were  proposed  for  subdiking  to  maintain 
from  18  inches  to  2  feet  of  water  depth  to  facilitate  the  growth  of 
wild  rice.  The  proposal  was  to  flood  the  areas  with  water  depths 
conducive  to  growing  wild  rice  and  to  seed  the  areas  from  the  air. 

The  four  bog  areas  would  also  be  expected  to  provide  increased  pike 
spawning  areas  and  habitat  for  furbearers  and  migrating  waterfowl. 

An  inlet-outlet  structure  in  each  of  the  diked  areas  would  allow 
some  gravity  inflow  during  high  water  periods,  but  primary  water  supply 
would  have  to  be  provided  by  pumping.  The  pumping  station  requirements 
were  based  on  the  ability  to  provide  2  feet  of  water  depth  to  each 
of  the  pool  areas  in  1  month. 

OTHER  DESIGN  CONSIDERATIONS 

Riprapping  would  be  required  on  the  exposed  dike  and  road  sections 
of  impounded  pool  areas.  No  riprapping  was  considered  necessary  on 
the  lake  side  of  the  dikes,  where  natural  vegetation  would  be  retained 
as  a  buffer  to  the  main  Leech  Lake  body  of  water.  The  dikes  would  all 
be  constructed  by  dragline  and  compacted  and  smoothed  by  bulldozer. 

COST  ESTIMATE 

The  Sugar  Point  bog  area  (plate  A-117)  was  initially  determined 
to  be  an  economically  feasible  project  using  the  entire  4,030  acres  of 
gross  surface  area  as  being  developable.  (The  other  three  impoundments 
were  not  economically  feasible  using  gross  surface  areas.)  However,  the 
1977-1978  habitat  survey  showed  that  the  Sugar  Point  bog  and  other  areas 
actually  included  a  significant  amount  of  terrestrial  habitat  that 
presently  supported  tamarack.  These  tamai.tck  areas  could  not  reasonably 
be  converted  to  wild  rice  growing  areas  bv  flooding  of  from  18  to  24  inches 
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of  depth,  and  developable  acreages  were  reduced  to  tamarack  areas. 

The  Sugar  Point  bog  area  was  also  found  to  include  three  eagle  nests 
which,  under  the  Endangered  Species  Act,  would  preclude  further 
disturbance  or  development  of  the  area.  Although  development  of  the 
Sugar  Point  bog  or  other  bog  areas  was  not  found  feasible,  the 
cost  estimate  and  benefit  analysis  for  Sugar  Point  bog  are  presented 
as  an  example  of  the  typical  cost  estimate  prepared  for  all  four  areas. 


Preliminary  estimate  of  construction  costs  (Sng^r  Point  bog  area) 


Item 

Unit  Quantity 

Unit  cost 

Total  cost 

Dike  fill 

CY 

133,400 

$0.75 

(1977  prices) 
$100,000 

Dike  riprap 

CY 

11,260 

20.00 

225,200 

Gravel  filter 

Control  structure 

CY 

5,630 

9.00 

50,700 

20-10c  slide  gate 

Each 

O 

4,500.00 

9,000 

Concrete  gate  well 
30-inch  concrete 

CY 

8 

400.00 

3,200 

pipe 

140-cfs  pump 

Foot 

208 

30.00 

6 ,250 

stat ion 

Each 

1 

380,000.00 

380,000 

North  Road  riprap 
North  Road  gravel 

CY 

2,370 

20.00 

47 , 400 

filter 

CY 

1,190 

9.00 

10,750 

East  Road  riprap 

East  Road  gravel 

CY 

1,800 

20.00 

3o ,000 

filter 

Three  small  earth 

CY 

890 

9.00 

8,000 

closure  dams 

CY 

6,700 

0.7  5 

5,000 

Subtotal 

881 , 500 

Land 

Acre 

4,030 

50.00 

201 , 50(i 

Subtotal 

1 ,083,00o 

Contingencies 

21b, 600 

Total 

1 ,299,600 

Engineering  and  design 

97 , 500 

Supervision  and  administration 

97 . 500 

Total  first  cost  construction 

and  acquisition 

1 ,494, bOO 

Annualized  first  cost 

( 50-year 

life  and 

6  5/8  percent  intere 

st) 

(0.06909  x  $1,494,60 

) 

103, 300 

Annual  pumping  cost 

5,000 

Annual  operation  and 

maintenance  cost 

65,000 

Total  annual  cost 

(1) 

173,300 

Total  annual  benefits 

I  56 , 7(10 

Benefit-cost  ratio  = 

$156,7  00 
$173,300 

0.  <10 

(1)  Benefits  for  the  proposal  were  determined  as  indicated  on  tin 
'’oV' owing  page. 
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BENEFITS 


Benefits  were  determined  on  2,800  acres  of  potentially  developable 
wetland  areas  for  wild  rice  out  of  4,030  acres  required  purchase  for  the 
Sugar  Point  bog  area.  The  benefits  are  shown  in  the  following  tabulation. 


Benefits  from  subdiking  Sugar  Point  bog  area 


, , N  Benef it 

Item 

Per  acre^7 

For 

2,800  acres 

1977  1981 

1977 

1981 

Wild  rice 

$22.33  29.92 

$627130 

$83,800 

Waterfowl 

20-75  27.80 

58,000 

77,800 

Muskrats 

3.95  5.29 

11,000 

14,800 

Mink 

1-28  1.72 

3,600 

4,800 

Pike  spawning 

4-89  6.55 

13,700 

18,300 

Area  redevelopment 

2.80  3.75 

7,900 

10,500 

Total  benefits 

156,700 

21Q .QQC 

(1)  Benefit  values  for 
datura!  Resources. 

1977  provided  by  the  Minnesota  Department  of 

The  following  table  summarizes  benefits  and 

costs  for 

this  alternative. 

Benefit-cos 

C  summary  -  Sugar  Point 

bog  area 

Item 

1977  prices 

1981  prices 

,?irst  cost 

$1,494,600 

$2,002,800 

iteration  and  maintenance 
Total  annual  cost^'* 

70,000 

90,000 

17  3,  300 

246,600 

Annual  benefits 

15^,700 

21n ,000 

Benefit-cost  ratio 

0.90 

0.83 

Interest  rate 

6  5/8 

7  5/8 

(1)  Based  on  50-year  project  life  (0.07820  interest  and  amortization  facto 
Rf  i  :  A1MENDED  ACTION 


The  development  of  subimpoundments  to  increase  wildlife  values  in 
the  Leech  Lake  flowage  area  is  not  economically  feasible.  In  addition, 
three  eagle  nests  are  located  in  the  Sugar  Point  hog  proposed  impound¬ 
ment  area,  and  any  development  there  would  violate  the  Endangered  Species 
Act.  No  further  action  is  recommended  for  the  proposed  project. 


PLATE  SUMMARY 
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Item 
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Proposed  development  -  Leech  Lake  bogs 
Sugar  Point  bog  area 


PROBLEM  10  -  AITKIN  AREA  FLOOD  PROBLEM 
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BACKGROUND 

The  Aitkin  area  is  a  frequently  flooded  reach  of  the  Mississippi 
River  located  approximately  between  river  miles  1040  and  1060,  above 
the  mouth  of  the  Ohio  River,  in  Aitkin  County,  Minnesota.  Both  agri¬ 
cultural  and  urban  flood  damages  are  common  in  this  river  segment. 

Urban  Aitkin  had  a  1970  population  of  1,553  and  rural  Aitkin  consists 
of  about  45  farm  units,  35  trailers  and  other  homes,  and  16,000  agri¬ 
cultural  acres.  The  1-percent  chance  (100-year)  flood  outline  for  the 
Aitkin  area  is  shown  on  plates  A-126  and  A-127. 

An  authorized  flood  control  project  was  constructed  at  Aitkin, 
Minnesota,  by  the  St.  Paul  District,  Corps  of  Engineers,  during  1952- 
1957.  The  project  consists  of  approximately  6  miles  of  diversion  chan¬ 
nel  and  related  structures  just  north  of  Aitkin,  and  two  additional 

channel  cutoffs  downstream  from  that  community.  The  channel  is  capable’ 

of  carrying  6,000  cfs,  which  is  about  50  percent  of  an  8-vear  frequency 

flood,  with  maximum  velocity  of  2.5  feet  per  second. 

An  8,290-foot  emergency  levee  was  constructed  at  Aitkin  by  the 
St.  Paul  District  in  1969  under  the  Public  Law  99  program.  This  dike 
protects  Aitkin  to  a  100-year  flood  with  1  to  2  feet  of  freeboard  but 
requires  emergency  dike  closures,  sandbagging  in  low  areas,  and  emer¬ 
gency  pumping  to  function  properly.  The  dike  system  has  no  interior 
drainage  facilities  and  was  constructed  to  an  average  height  of  8.5 
feet  above  ground,  with  a  10-foot  top  width,  and  with  1-  to  1  1 /2-foot 
side  slopes.  These  levees  were  constructed  under  emergency  conditions 
and  do  not  meet  acceptable  design  standards.  They  could  he  breached 
by  floods  of  less  titan  1  percent  (100-veait  flood  frequency.  The 
existing  Aitkin  authorized  flood  control  project  and  emergenev  dike 
are  shown  on  plates  A— 1 18  and  A-119,  respectively. 
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GEOLOGY  AND  SOILS 


General 


The  Aitkin  flooded  area  is  located  in  the  southwestern  part  of 
Aitkin  County.  The  Mississippi  River  flows  in  a  general  southwestern 
direction  through  the  county  and  crosses  the  western  county  line 
northwest  of  Aitkin.  Sandy  Lake  is  located  upstream  of  Aitkin  in  the 
northeastern  quarter  of  Aitkin  County.  The  city  of  Brainerd  is  located 
downstream  of  Aitkin,  in  Crow  Wing  County,  about  18  miles  west  of 
Aitkin  County. 

Aitkin  County  is  relatively  flat  and  includes  numerous  lakes  and 
large  areas  of  poorly  drained  swamplands.  A  thick  mantle  of  glacial 
drift  covers  the  entire  surface  of  Aitkin  County  and  overl ies older  rock 
formations.  This  glacial  mantle  is  100  to  150  feet  thick.  This  glacial 
material  was  deposited  from  two  or  three  glacial  periods.  The  lowland 
lying  north  of  Aitkin  was  the  site  of  glacial  Lake  Aitkin,  which  was 
formed  by  the  partial  barrier  of  glacial  material  deposited  across 
the  Mississippi  River  channel.  Melting  water  breached  the  barrier, 
and  allowed  the  lake  to  drain,  leaving  remnants  of  beach  ridges  and 
lacustrine  deposits  of  silt  and  clay  in  the  old  lake  area.  Extensive 
peat  lands  cover  approximately  40  percent  of  the  county  and  average 
5  feet  in  thickness.  A  large  peat  or  muskeg  area  extends  over  75  to 
100  square  miles  and  is  located  north  of  Aitkin. 

Subsurface  Investigation 

No  formal  program  of  subsurface  investigation  was  conducted  for 
this  area  as  the  preliminary  analysis  of  possible  solutions  to  the  Aitkin 
area  flood  problems  did  not  show  economic  feasibility.  There  are  exten¬ 
sive  borings  available,  that  were  taken  in  the  Aitkin  area  during  the 
early  1950's,  in  connection  with  the  Aitkin  diversion  project.  Informa¬ 
tion  from  these  borings  indicates  that  the  project  area  is  composed  of 
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lacustrine  sand  deposited  in  glacial  lake  Aitkin,  delta  sand,  and 
alluvium  of  tributary  streams.  The  alluvium  consists  of  inorganic 
silt  and  some  clay.  Additional  information  on  subsurface  conditions 
including  boring  data  is  included  in  a  February  1952  St.  Paul  District 
report  entitled  "Flood  Control  Definite  Project  Report  on  the  Missis¬ 
sippi  River  Near  Aitkin,  Minnesota." 

HYDROLOGY  AND  HYDRAULIC  STUDIES 

General 


Hydrology  and  hydraulic  information  from  several  sources  was 
used  to  evaluate  alternative  solutions  to  the  Aitkin  area  flood  prob¬ 
lem.  The  sources  include  a  15  April  1946  survey  report  for  flood 
control  on  the  Mississippi  River  near  Aitkin,  the  February  1952 
definite  project  report  referred  to  above,  and  a  June  1975  floodplain 
information  report  for  the  Mississippi  River  and  Ripple  River  at  Aitkin, 
Minnesota. 

Hydrology 

The  existing  Aitkin  diversion  pro ject,  which  was  built  in  1957, 
bypasses  a  portion  of  the  Mississippi  River  to  the  north  of  Aitkin  and 
allows  the  bypassed  waters  to  reenter  the  Mississippi  River  at  Pine 
Knoll  area  (river  mile  1040.1).  The  location  of  the  diversion  with 
respect  to  Aitkin  is  shown  on  plate  A-118.  The  diversion  project  was 
designed  to  handle  approximately  one-half  of  a  design  flow  of  12,000 
cfs  (elevation  1198.2  msl,  1929  adjustment,  at  the  Aitkin  USGS  gage). 

The  12,000-cfs  flow  was  assigned  a  frequency  of  17  years  (5.9-percent 
exceedence)  for  the  agricultural  season,  and  a  frequency  of  12  years 
(8.3  percent)  for  annual  flooding,  when  the  project  was  designed  in 
1952. 
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The  1952  frequency  curve  was  developed  from  49  years  of  record 
at  the  Aitkin,  Minnesota,  gage.  A  regional  flood  frequency  for  this 
same  flow  today  (plate  A-120)  indicates  that  12,000  cfs  is  approxi¬ 
mately  an  8-year  (12.5-percent  exceedence)  annual  flood  event.  The 
currently  used  regional  frequency  curve  was  drawn  from  a  correlation 
of  28  years  of  record  at  Aitkin,  with  106  years  at  St.  Paul, 
Minnesota,  and  with  other  basin  locations  and  periods  of  record. 
Recorded  recent  flood  stage  and  discharge  data  for  the  Mississippi 
River  at  Aitkin  are  shown  in  the  following  table.  The  100-year 


(1  percent) 

and  i 

standard  project  design 

floods  are 

also  shown 

• 

Estimated  peak  discharge  (cfs) 

Date  of 

crest 

Total 

Main 

channel 

Diversion 

Stage 

(1) 

Elevation 

(2) 

26  March 

1945 

9,220 

9,220 

- 

17.5 

1199.9 

27-28  April 

1948 

12,000 

12,000 

- 

18.8 

1201 .2 

20  May 

1950 

20,000 

20,000 

- 

22.5 

1204.9 

15  April 

1952 

10,000 

10,000 

- 

17.7 

1200. 1 

14  August 

1953 

10,800 

10,800 

- 

18.2 

1200.6 

6-7  May 

1954 

9,480 

9,480 

- 

17.7 

1200. 1 

26  April 

1965 

13,400 

7,500 

5,900 

17.6 

1200.0 

23  April 

1969 

14,400 

7,800 

6,600 

17.3 

1199.7 

4  May 

1975 

14,300 

7,800 

6,500 

18.0 

1200.4 

100-year  flood 

19,700 

10,700 

9,000 

21.6 

1204.0 

Standard  project 
flood 

34,000 

20,000 

14,000 

25.0 

1  207.4 

DATA  SOURCE:  June  1975  Floodplain  Information  Report  by  U.S.  Army 

Corps  of  Engineers.  The  United  States  Geological  Survey 
and  the  National  Weather  Service  maintain  a  water  stage 
recorder  on  the  Mississippi  River  at  mile  1055.9  north  of 
Aitkin  near  the  County  Highway  1  bridge.  A  gaging  station 
at  this  location  has  been  in  operation  since  1945. 

(1)  Overbank  flooding  begins  at  a  stage  of  12  feet  (flood  stage);  dam¬ 
age  to  structures  at  about  17  feet.  Gage  zero  is  elevation  1182.41.  Gage 
was  formerly  set  with  zero  at  elevation  1185.41  but  was  set  at  the  present 
elevation  on  30  September  1967. 

(2)  Feet,  mean  sea  level  datum,  1929  adjustment. 
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Evaluation  of  the  existing  project  (Aitkin  diversion  plus  main 
channel  flow)  indicates  that  the  project  is  functioning  as  designed, 
and  is  handling  the  12,000-cfs  flow  as  planned.  Examination  of  the 
1975  flood  (14,300  cfs),  1969  flood  (14,400  cfs),  and  1965  flood 
(13,400  cfs)  shows  that  at  mile  1040.1  (Pine  Knoll)  and  at  Aitkin 
(mile  1055.9)  the  observed  elevations  plot  very  close  to  the  1952  original 
project  curve  elevations.  The  following  table  illustrates  this  close 
correlat ion. 


_ El_cv.it  ion  (1929  adj.  ) 

Aitkin  gage  Pine  Knoll  race 
(Milo  1056.  Q  )_  (M  Me  1  040.  1 )_ 


D  i  so barge 

Original 

0  r  i  g  i  no  1 

(cubic  foot 

p  ro j  ec  t 

pro j ect 

Year 

per  second) 

turves 

Ohs ei ved 

curves 

Obr  "ly.-d 

i  n  c  c. 

13,400 

1  199.0 

1 200.02 

1197.0 

1197.87 

1969 

14,400 

1 199.8 

1  199.73 

1197.8 

1197.48 

1975 

14,300 

1 1 99 . 8 

1200.37 

1197.  8 

1197. 78 

The  fo 

llowing  tabulation  is 

included  to 

show  the  general  origin 

of  flood 

flows 

experienced  at  Aitkin 

and  the  division  of  that 

flow  around  and 

through  Aitkin. 


A-  S 1  4 


Original  project  design  profiles  included  in  the  1952  Aitkin 
diversion  channel  definite  project  report  projected  an  approximate 
3-foot  stage  reduction  for  the  12,000-cfs  design  flow.  It  is  interest¬ 
ing  to  note  that  the  3-foot  reduction  also  appears  evident  in  a  com¬ 
parison  of  observed  annual  maximum  Aitkin  gage  heights  for  the  period 
1935-1978.  The  median  high  water  stage  since  completion  of  the  Aitkin 
diversion  project  is  approximately  3  feet  lower  than  the  preproject 
stages,  as  shown  in  the  following  figure. 
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PRE-  DIVERSION - - POST-  DIVERSION 


Design  Considerations 


Evaluation  of  desired  protection  for  the  city  of  Aitkin  and 
adjoining  rural  Aitkin  was  based  on  protecting  the  area  from  a  100- 
year  flood  (19,700  cfs).  The  urban  area  would  be  protected  from 
the  100-year  flood  which  is  shown  on  profile  plates  A-121  and  A-122. 

The  100-year  flood  elevation  is  1204  msl,  1929  adjustment,  at  the 
U.S.  Geological  Survey  gage  on  County  Highway  1  in  Aitkin  (river  mile 
1055.9).  The  difference  in  water  elevation  between  the  100-year 
flood  and  the  12,000-cfs  Aitkin  diversion  design  flow  is  only  5.8 
feet.  The  1952  elevation-discharge  rating  curve  for  the  Aitkin  area 
is  still  valid  today.  A  copy  of  the  curve  is  shown  on  plate  A-123. 

ALTERNATIVES 

A  hrief  summary  of  flood  reduction  alternatives  and  criteria 
that  were  looked  at  in  the  Aitkin  area  are  as  follows: 

Urban  Aitkin 

Flood  insurance.  -  Flood  insurance  costs  were  developed  using 
nationally  accepted  emergency  rates  for  Aitkin  as  follows: 

Residential  structures  -  $0.25  per  $100  market  value. 

Residential  contents  -  $0.35  per  $100  market  value. 

Commercial  structures  -  $0.40  per  $100  market  value. 

Conmercial  contents  -  $0.75  per  $100  market  value. 

The  above  rates  were  applied  to  200  residential  and  44  commercial  units 
which  were  identified  as  being  flooded  in  1950,  from  the  1975  flood 
plain  information  report.  The  actual  computation  is  included  later  in 
this  narrative  as  an  example. 
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Flood  warning  and  forecasting  and  emergency  protection.  -  This 
item  is  adequately  described  in  the  main  plan  formulation  report. 

Flooded  area  evacuation.  -  Permanent  evacuation  of  approximately 
200  homes  and  44  commercial  units  from  the  urban  area  floodplain  is 
included  in  this  alternative.  Permanent  evacuation  would  involve 
purchase  of  lands,  removal  and  relocation  of  improvements,  evacuation 
and  resettlement  of  residents,  and  permanent  conversion  of  evacuated 
lands  to  park  or  "natural"  areas,  or  to  purposes  less  susceptible  to 
flood  damage. 

Flood  proofing.  -  This  alternative  would  involve  raising  approxi¬ 
mately  200  homes  and  44  businesses  and  utilities  above  the  100-year 
flood  elevation  1204.  The  selected  height  would  be  about  1207,  al¬ 
though  some  units  possibly  could  be  flood  proofed  by  sealing  off 
building  openings  and  otherwise  preventing  water  from  entering  window 
wells  and  floor  drains. 

Permanent  levee.  -  A  permanent  levee  would  involve  construction 
as  shown  on  plate  A-125.  The  existing  emergency  levee  would  be  used 
as  a  base  for  the  permanent  levee  after  the  vegetation  and  other 
poor  material  are  first  removed.  Interior  drainage  would  be  collected 
in  a  system  of  inclosed  concrete  drains  and  delivered  to  three  pumping 
stations.  The  plan  would  include  two  road  "nises,  one  new  bridge 
and  one  raised  bridge,  four  elevated  road  ramps,  and  two  new  sewage 
Lift  station  pumps  (one  for  standby  operation).  The  permanent  levee 
would  protect  most  of  Aitkin  from  the  100-year  flood,  with  3  feet  of 
freeboard.  Highway  and  railroad  access  would  he  maintained  through 
Aitkin  during  flood  periods.  A  detailed  cost  estimate  is  included 
later  in  this  narrative. 
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Rural  Aitkin 


Flood  insurance.  -  Flood  insurance  costs  were  developed  for 
rural  Aitkin  similar  to  urban  Aitkin.  The  National  Flood  Insurance 
Program  protects  against  losses  to  buildings  and  contents,  but 
not  against  agricultural  losses.  The  costs  of  the  program  were 
based  on  insuring  approximately  45  farm  residences  and  35  other 
riverside  residences  downstream  from  Aitkin.  A  detailed  cost  ana: 
sis  is  included  later  in  this  narrative. 


Flood  warning  and  forecasting  services  and  emergency  protection.  - 

(same  as  for  urban  Aitkin) 

Flooded  area  evacuation.  -  Permanent  evacuation  of  approxi¬ 
mately  45  farm  units  and  35  trailers  and  homes  from  the  area  flood- 
plain  is  included  in  this  alternative.  Permanent  evacuation  would 
involve  purchase  of  lands,  removal  and  relocation  of  buildings  and 
improvements,  evacuation  and  resettlement  of  residents,  and  permanent 
conversion  of  evacuated  land  to  uses  less  susceptible  to  flood  damage. 

Flood  proofing.  -  This  alternative  would  involve  ring  diking  the 
45  farm  units  and  35  riverside  residences.  Dikes  would  have  a  10-foot 
top  width  and  2  on  1  side  slopes  and  would  be  grass  covered.  An 
earth  fill  exit  ramp  would  be  provided  for  entrance  and  exit  to  the 
diked  areas. 

Removal  of  Pine  Knoll  ledge.  -  The  "Pine  Knoll  ledge"  involves 
a  10-mile  reach  of  the  Mississippi  River  downstream  from  Aitkin  and  from 
Pine  Knoll,  between  river  mile  1030.3  and  1040  approximately .  The 
alternative  involves  excavating  a  150-foot  bottom  channel  with  side 
slopes  IV  to  4H ,  with  starting  elevation  1175  at  mile  1040  and  1171.2  at 
mile  i 0 3 0 . 3 .  The  excavation  is  primarily  waterborne  sediment  with 
some  gravel  or  rock  bars.  Approximately  2,000,000  yards  of  excavation 
would  lower  the  Mississippi  River  approximately  3.2  and  2.8  feet  at 
Pine  Knoll  (mile  1040)  for  a  12,000-  and  20,000-cfs  flow,  respectively. 
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in  the  Mississippi  River  channel .  This  would  provide  approximately 
$168,000  reduction  in  average  annual  flood  damages,  assuming  that 
this  same  reduction  would  carry  upstream  past  the  urban  Aitkin  area. 


The  concept  of  excavating  a  deeper  channel  on  the  Mississippi 
River  downstream  of  Pine  Knoll  was  evaluated  in  several  previous  Corps 
of  Engineers  reports.  House  Document  282  and  599  in  1911  and  1947, 
respectively,  both  contain  letters  from  the  Chief  of  Engineers  indi¬ 
cating  that  a  proposal  of  this  nature  is  not  economically  feasible. 

Evacuation  of  flooded  farmsteads.  -  This  alternative  would  not 
involve  the  purchase  of  agricultural  lands  from  agricultural  owners. 
Only  the  rural  residents,  buildings,  and  improvements  would  be  evacu¬ 
ated  from  the  floodplain.  Evacuation  would  remove  45  farm  units 
and  35  trailers  and  homes  from  the  floodplain.  The  agricultural 
land  would  be.  farmed  as  usual. 

Rural  river  channel  diking.  -  This  al ternat ive  consists  of 
constructing  earth  levees  along  both  sides  of  the  natural  Mississippi 
River  channel  from  the  inlet  to  the  outlet  of  the  present  Aitkin 
diversion  channel  (mile  1064  to  1041).  The  levees  would  have-  •>.  top 
elevation  of  1202  and  a  variable  8-  to  10-foot  top  width,  with  1'.' 
to  3H  and  IV  to  511  side  slopes.  The  levee  alignment  would  generally 
follow  the  1,200-foot  contour  whenever  possible  along  the  river  and 
would  connect  to  the  existing  urban  emergency  levees.  The  levees 
would  provide  5  percent  or  20-year  recurrence  interval  flood  protec¬ 
tion  with  2  feet  of  freeboard.  The  agricultural  levees  would  overtop 
before  tile  urban  emergency  levee  would  be  endangered. 

There  would  be  approximately  44  ir.ihs  of  low  diking  with  closures 
on  .16  minor  drainage  courses  or  tributaries,  and  would  include  12  --\ij  or 
pumping  stations. 
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Aitkin  and  Rural  Aitkin 


Generally  speaking,  Aitkin  and  rural  Aitkin  alternatives  are 
obtained  by  adding  urban  and  rural  costs  and  benefits  together.  Ex¬ 
ceptions  to  this  approach  are  contained  in  alternatives  that  aid  both 
areas  simultaneously  as  follows: 

Upstream  dam  above  Aitkin.  -  This  alternative  consists  of 
constructing  a  flood  control  dam  on  the  Mississippi  River  just  down¬ 
stream  of  the  Rice  River.  The  dam  would  be  designed  to  store  340,000 
acre-feet  of  floodwater,  which  is  the  amount  by  which  the  1950  flood 
exceeded  the  present  12,000-cfs  Mississippi  River  and  channel  diversion 
capacity,  through  and  around  Aitkin. 

The  terrain  is  so  flat  and  watersheds  interconnected  above  the 
damsite  that,  with  a  top  of  dam  •'levation  at  1215  and  a  maximum  flood  pool 
of  1210  to  1212,  approximately  80  square  miles  (31,000  acres)  would 
flood  upstream  of  the  dam,  in  comparison  to  the  protected  25  square  miles 
(16,000  acres)  below  the  dam. 

The  concept  of  added  flood  storage  upstream  of  Aitkin  was  also 
evaluated  in  previous  Corps  of  Engineers  reports  in  1933  and  1947. 

Letters  from  the  Chief  of  Engineers  are  contained  in  house  Documents 
66  and  599,  respectively,  and  confirm  that  "there  are  no  additional 
reservoir  possibilities  so  located  as  to  be  of  significant  benefit  in 
the  control  of  floods  at  Aitkin.  .  . 

Diversion  (Cedar  Brook  to  Towhead  Rapids).  -  This  alternative 
consists  of  a  37,000-foot  long  channel  that  would  divert  Mississippi 
River  flows  at  Cedar  Brook  (mile  1045)  to  Towhead  Rapids  (mile  1030.3). 

The  diversion  channel  would  carry  half  the  100-year  design  flow  of 
19,700  c f s  at  Aitkin. 
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Hydraulic  computations  show  that  a  channel  bottom  width  of  230 
feet  would  he  required,  with  3:1  side  slopes,  starting  bottom  elevation 
of  1178.7,  and  ending  bottom  elevation  of  1177.7.  Additional  modi¬ 
fication  of  the  existing  Aitkin  diversion  channel  would  also  be  required 
to  make  the  Cedar  Brook  channel  diversion  channel  effective.  The  Cedar 
Brook  diversion  channel  would  alleviate  flooding  in  urban  areas  downstream 
of  Aitkin  but  would  only  partially  alleviate  the  100-year  flood  damages 
in  Aitkin  and  upstream  rural  areas. 

Knlarge  Aitkin  diversion  and  remove  Pine  Knoll  ledge.  -  This 
alternative  consists  of  enlarging  the  existing  Aitkin  diversion  channel 
to  pass  14,700  cfs  with  the  main  channel  through  Aitkin  passing  the 
remainder  of  the  flow  (5,000  cfs).  The  Pine  Knoll  ledge  removal  would 
be  as  previously  stated  also. 

The  Aitkin  diversion  channel  with  present  bottom  elevation  of 
90  feet  would  have  to  be  enlarged  to  j60  feet.  The  combined  work  would 
lower  Lite  100-year  flood  stage  at  Aitkin  by  approximate  1 v  3  feet. 

Towhead  Rapids  channel  cutoff.  -  This  alternative  would  involve 
constructing  a  channel  cutoff  upstream  of  Towhead  Kapids,  at  approxi¬ 
mately  mile  1031 .5—1032.5  on  the  Mississippi  River.  This  cutoff  could 
possibly  reduce  flood  lovols  in  the  Pine  Knoll  (mile  1040.1)  and  Aitkin 
(mile  1056.0)  areas  by  one-half  foot  maximum.  The  ehannol  cutoff  would 
be  similar  to  the  Towhead  Rapids  cutoff  immediatelv  downst ream, t hut  was 
constructed  in  1957,  at  mile  1030.5-1031.5.  The  cutoff  would  have  a 
35-foot  bottom  at  elevation  1172,  IV  to  3H  side  slopes,  and  40-foot 
berms  on  each  side,  with  spoil  material  placed  to  a  20-foot  height  out¬ 
side  the  berm  areas.  The  total  width  required  for  construction  would 
bo  about  700  feet. 

Modification  of  Brainerd  i)am.  -  Hydraulic  ealculat ions  show  that 
the  Brainerd  power  dam  at  mile  1003.7  has  no  effect  on  the  Pine  Knoll 
area.  The  dam  is  about  36  miles  downstream  of  Pine  Knoll  and  the 
backwater  effects  of  the  dam  extend  only  about  23  miles  upstream  of 
the  dam. 
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Evaluation 


The  following  table  sunmarizes  the  cost-benefit  analysis  for 
Aitkin  area  alternatives.  Later  paragraphs  address  in  more  detail 
the  specific  cost  estimates  and  benefits  that  were  originally  prepared 
at  1977  price  levels  and  which  have  now  been  updated  to  1981  price 
levels . 


A- 12'. 


Urban  Aitkin 


1. 

Flood  insurance 

- 

$282,000 

$2  82, 000 

1.0 

2. 

Flood  forecast¬ 
ing  and,5) 
warning*'  J 

3. 

Kvacuat ion 

$22,898,000 

1,747,000 

45,600 

32  ,100  *■' 

0.03 

4. 

Flood  proofing 

1,956,000 

149,300 

0.21 

5.  Permanent  dike 

Rural  Aitkin 

5,242,000 

446,600 

45,600 

( 3) 

5  7,400*-  ' 

0.10 

i. 

Flood  insurance 

_ 

57,400 

1.0 

2 

Flood  forecast¬ 
ing  and 
warning 

3. 

Evacuation 

■2 ,696,000 

2,495,000 

225,000 

0.09 

4. 

Flood  proofing 

1,490,000 

188,700, 
548,300(  ' 

46,500 

0.25 

5. 

Removal  of 

Pine  Knoll 
ledge 

6,901,000 

225,000 

0.41 

6. 

Evacuation  with 
no  land 
purchase 

j, 302,000 

404,500 

46,500 

0.11 

7.  Rural  river  '.7,688,000 

channel 
d  iking 

Aitkin  and  rural  Aitkin^) 

1,403,600 

Less  than 
225,000 

0.16 

1  . 

Flood  insurance 
Flood  forecast¬ 
ing  and, 
warning 

339, 300 

339, 300 ( 3) 

1.0 

3. 

Evacuation 

55,594,000 

4,242,000 

2  70 , 800 

0.06 

4. 

Flood  proofing 

3,446,000 

337,600 

78, 700 

0.23 

5. 

Upstream  dam 
above  Aitkin 

36,180,000 

2,796,000 

3,707,000(b) 

2  70 , 800 

0.10 

6. 

Divers  ion 
(Cedar  brook 
to  Towhead 
Rapids) 

46,955,000 

270,800 

0.0  7 

7. 

Enlarge  Aitkin 
diversion  and 
Pine  Kno 1 1 

excav.it  ion 

87,187,000 

6,958,999 

145,500(f>) 

2  70 , 800 

0.04 

8. 

Towhead  Rapids 
ebanne 1 

cut  o  f  f 

1,828,000 

47,800 

0.32 

4  . 

Modify  Bra i nerd 
Dam 

(Would  not  be 

effect  ive  -  no 

cost  estimate  de 

t  ermi ned ) 

('.)  Includes  operation  nnd  maintenance  costs;  7  5/8  percent  interest  .in 
100--vear  project  life,  except  where  indicated. 

,.!)  100-percent  flood  proofing  in  Aitkin  is  not  possible  because  of  perme¬ 
able  soils  -  use  70  percent  x  $45,700  =  $32,100  annual  benefits. 

(3)  Flood  insurance  benefits  assumed  equal  to  flood  insurance  costs. 

(4)  benefits  nnd  costs  for  rural  and  urb.in  Aitkin  are  tlie  sum  of  individual 
costs  and  benefits. 

(31  Costs  and  benefits  for  emergency  evacuation  or  protection  measures  would 
vary,  depending,  on  magnitude  of  flood  predicted. 

(t>)  7  >/8-percent  interest  -  30-vear  project  life. 


The  previous  table  shows  that  there  are  no  economically  feasible 
structural  alternatives  for  alleviating  flood  problems  in  the  Aitkin  area. 

The  Federal  flood  insurance  alternative  is  purposely  assigned  a  benefit- 
cost  ratio  of  1.0,  as  benefits  from  the  program  should  equal  costs. 

However,  the  federally  subsidized  flood  insurance  program  compensates 
for  losses  to  structures  but  does  not  compensate  for  livestock  or 
crop  losses. 

COST  ESTIMATES 

A  detailed  flood  insurance  cost  estimate  for  both  urban  and  rural 
Aitkin  follows.  A  summarized  cost  estimate  for  a  permanent  levee  to 
protect  urban  Aitkin  and  a  summarized  cost  estimate  for  removal  of  the 
Pine  Knoll  ledge  are  included  for  comparison  purposes  although  they  lack 
economic  feasibility.  A  brief  discussion  of  the  benefit  analysis  follows 
these  cost  estimates.  Costs  originally  estimated  at  1977  prices  were  sub¬ 
sequently  indexed  to  1981  prices  for  this  report. 

t'rban  area  -  flo; d  insurance  costs  fur  100-year  floodplain  (emergency  rates) 

Subsidized  insurance  rates  (non-Federal  insurance  costs) ^ ^ 

Residential  structures  -  $0. 25(a)  per  $300  estimated  market  value. 

Residential  contents  -  $0. 35(b)  per  $100  estimated  value. 

Commercial  structures  -  $0. 40(c)  per  $100  estimated  market  value. 

Commercial  contents  -  $0. 75(d)  per  $100  estimated  value. 

(1)  These  rates  represent  the  non-Federal  insurance  costs  (approximately 
25  percent  of  total  insurance  costs). 

Description  dost 

Residential  insurance  costs  f  1 u / ;  privo 

Structures:  Number  of  living  units  x  average  value  =  value. 

200  x  $20,000  =  $4,000,000 

Total  estimated  market  value  $4,000,000  (e) 

Structure  insurance  costs  (a)x(e)  $10,000 

Contents:  Total  estimated  value 

(50  percent  of  (e))  2,000,000  (f) 

Contents  insurance  costs  (b)  x  (f)  7,000 

Commercial  insurance  costs 

Structures:  Number  of  structures  x  average  value  «  value. 

44  x  $100,000  $4,400,000 

Total  estimated  market  value  $4,400,000  (g) 
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$17,600 


Structure  Insurance  costs  (c)  x  (g) 

Contents:  Total  estimated  value 

(50  percent  of  (g))U'  $2, 200.000(h) 

(2)  Assume  50  percent  in  lieu  of  detailed  survey. 

Contents  insurance  costs  (d)  x  (h) 


Total  insurance  costs: 

Non-Federal 

Federal 

Residential  structure 

$10,000 

X 

3 

$30,000 

Residential  contents 

7,000 

X 

3 

21,000 

Commercial  structure 

17,600 

X 

3 

52,800 

Commercial  contents 

16,500 

X 

3 

49,500 

Subtotal 

51,100 

+ 

153,300 

16,500 


204,400 


Insurance  administration  (non-Federal)  -  6  man-months 
at  $1,000 


Total  insurance  costs  21 

Note:  Total  insurance  costs  are  annual  costs. 

Division  of  responsibilities:  (1977  prices)  (198 

Total  non-Federal  $51,100 

Costs  6 , 000 

Total  57,100 

Total  Federal  costs  153 , 300 

Total  annual  costs  210,400  j2 

Assume  average  annual  benefits  equal  costs. 

(3)  Non-Federal  costs  are  25  percent  of  total  costs  (multiply  non 
Federal  cost  x  3  to  get  Federal  costs). 


6,000 

210,400 


(1981  prices'! 


$282,000 
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Agriculture  area  -  flood  Insurance  costs  for  100-year  floodplain 

(emergency  rates) 

Subsidized  Insurance  rates  (non-Federal  insurance  costs) ^ ^ 


Residential  structures  -  $0. 25(a)  per  $100  estimated  market  value. 

Residential  contents  $0. 35(b)  per  $100  estimated  value. 

Commercial  structures  -  $0. 40(c)  per  $100  estimated  market  value. 

Commercial  contents  -  $0. 75(d)  per  $100  estimated  value. 

(1)  These  rates  represent  the  non-Federal  insurance  costs  (approxi¬ 
mately  25  percent  of  total  insurance  costs). 


P-~  "crlption 

Residential  insurance  costs 

Structures:  Number  of  living  units  x  average  value 


Farm  residences 
Riverside  units 


45±  x  $15,000 
35±  x  8,000 


Total  estimated  market  value 
Structure  insurance  costs  (a)  x  (e) 

Contents:  Total  estimated  value  (50  percent  of  e) 
Contents  insurance  costs  (b)  x  (f) 

Commercial  insurance  costs: 

Structures:  Number  of  structures  x  average  value  = 

Farm  buildings 

(Approximately  135)  x  $5,000  = 

Total  estimated  market  value 

Structure  insurance  costs  (c)  x  (g) 

Contents:  Total  estimated  value  (50  percent 

of  (g)T  ^  $337, 000(h) 


Cost 

Total 
=  value 
5^7 s  non 

28o|oOQ 
955,0001'  0 

$2,400 

475.000(f) 

1  ,600 


value 

$675,000 

675.000(g) 

2,700 


(2)  Assume  50  percent  in  lieu  of  detailed  survey. 


Contents  insurance  costs 

Total  insurance  costs: 

(d) 

X  (h) 

Non-Federal 

(3) 

Federal '  ; 

2 ,  hnn 

Residential  structure 

$2,400 

X 

3 

$7,200 

Residential  contents 

1  ,600 

X 

3 

4,800 

Commercial  structure 

2,700 

X 

3 

8,100 

Commercial  contents 

2,500 

X 

3 

7,500 

Subtotal 

9,200 

+ 

27 ,600 

56 , 8on 

Insurance  administration 

(non-Federal ) 

6 

man 

-months  at  $1,000 

A, 0(H) 

Total  insurance  costs 

42,800 

Note:  Total  insurance  costs 

are 

annual  costs. 

(3)  Non-Federal  costs  are  25  percent  of  total  cos ts (mu  1 1 i pi v  non- 
Federal  costs  x  3  to  get  Federal  costs). 
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Division  of  responsibilities 


Total  non-Federal  cost  $9,200 
Costs  6,000 
Total  15,200 
Total  Federal  costs  27 , 600 
Total  annual  costs  42,800 


Annual  benefits  are  assumed  to  equal  annual  costs  for 
cost  ratio  of  1.0 


benef it- 
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Cost  estimate  for  Aitkin  area  urban  diking 


Item 

Unit 

Unit  cost 

Total 

cost 

Federal  costs 

1977  prices 

1981  prices 

Levee 

Sanitary  pumping 

Lump  sum 

- 

$178,800 

stations 

Lump  sum 

2 

$108,000 

216,000 

Levee  pumping  stations 

45,000  gpm 

Lump  sum 

1 

410,000 

410,000 

31,000  gpm 

Lump  sum 

1 

340,000 

340,000 

36,000  gpm 

Gravity  drainage 

Lump  sum 

1 

360,000 

360,000 

structures  (with 
gate  well) 

Lump  sum 

3 

22,200 

66,000 

36-inch  concrete 

Feet 

7,500 

120 

900,000 

interior  drainage 

storm  sewer  collector 

Concrete  manholes 

Lump  sum 

25 

1,000 

25,000 

with  catch  basins 

Subtotal 

2 

,495,800 

Contingencies 

499,000 

Engineering  and  desig 

n 

224,600 

Supervision  and  administration 

224,600 

Total  Federal  first  cost 

3 

,444,000 

$4,615,000 

Non-Federal  costs 

Lands 

County  54  bridge 

Acre 

14.5 

2,000 

29,000 

replacement 

Lump  sum 

1 

205,800 

205,800 

Highway  210  and 

Lump  sum 

1 

99,300 

99,300 

highway  169  bridge 
raise 

36- inch  paved  CMP 

road  crossing 

Job 

2 

4,000 

8.000 

Subtotal 

342,100 

Contingencies 

68,400 

Engineering  and  design 

28,600 

Supervision  and  administration 

28,600 

Total  non-Federal  first 

cost 

467,700 

627,000 

Total  first  cos' 

3 

,911 ,700 

.,242,000 

Annualized  first  o  t  a 

t  6  5/8-  and 

7  5/H-percent  interest 

and  100-year  life 

259,600 

399,600 

Annual  operation  and  maintenance 

35,000 

47,000 

Total  annual  cost 

294,600 

446 ,600 

Total  annual  benefits 

34,100 

45,600 

Btinclit-tust  ratio 

-  -  - 

_ 

0.12 

0.10 
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Cost  estimate  for  removal  of  Pine  Knoll  ledge  for  rural  Aitkin 


item  Unit  Quantity 

Unit 

cost 

Total  cost 
(1977)  _ 

Total  cost 
(1981) 

Alluvial  excavation  CV  2,000,000 

$2.20 

$4,400,000 

$5,896,000 

Contingencies  (10  percent; 

440,000 

589,600 

Engineering  and  design 

155,000 

207, 700 

Supervision  and  administration 

155,000 

207, 700 

Total  first  cost 

5,150,000 

6,901,000 

Annualized  first  cost  at 

30-vear  1 i fe 

355,600 

539, 700 

Annual  operation  and  maintenance 

6,400 

8,600 

Total  annual  cost 

362,000 

548, 300 

Total  annual  benefit 

168,000 

225,100 

Benefit-cost  ratio 

0.46 

0.41 

Interest  rate  (50-year  life) 

6  5/8 

7  3/S 

MOTH:  Disposal  costs  are  not  included. 

BENEFITS 


Information  on  Aitkin  area  benefits  used  in  the  previous  cost- 
benefit  analysis  and  their  derivation  are  included  under  prohlom  1, 
"Headwaters  Lake  Operating  Plans."  The  benefits  derived  in  that  section 
of  the  report  are  used  in  this  analysis  also.  Basically,  100  percent  ot 
urban  and  rural  flood  damages  were  used  as  project  benefits  for  all  tiie 
Aitkin  alternative  proposals.  Residual  flood  damages  and  more  detailed 
hydraulic  analysis  would  have  been  necessary  if  any  of  the  alternatives 
had  shown  economic  feasibility. 

RECOMMENDED  ACTION 

No  economically  feasible  project  was  developed  for  the  Aitkin  project. 
The  recommendation  for  Aitkin  area  residents  is  to  purchase  flood  insur¬ 
ance  under  the  National  Flood  Insurance  program,  adopt  floodplain  zoning 
regulations  to  control  future  development,  and  use  the  existing  Aitkin 
diversion  channel  and  emergency  dike  and  flood  forecasting  and  warning 
services  of  the  National  Weather  Service.  All  of  these  features  will 
provide  some  protection  and  economic  compensation  for  the  area. 
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The  annual  cost  for  federally  subsidized  flood  insurance  is 
estimated  at  $51,400  for  rural  Aitkin  and  $282,000  for  urban  Aitkin. 
This  is  the  estimated  cost  of  insuring  approximately  200  homes  and 
44  businesses  in  urban  Aitkin  and  45  farmstead  area  buildings  and 
35  trailer  units  in  the  adjoining  rural  community. 
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AITKIN  ALTERNATIVES 
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HYDROPOWER  POTENTIAL  OF  EXISTING  SIX  HEADWATERS  LAKES  DAMS 


The  hydropower  potential  cf  the  six  Mississippi  River  Headwaters 
Lakes  and  the  proposed  Days  High  Landing  Dam  below  White  Oak  Lake  was 
evaluated  using  the  following  three-step  procedure: 

First,  the  potential  power  production  of  each  existing  dam  was 

calculated  using  the  following  power  formula: 

P  =  Qhe 

11.8 

where 

P  =  power  production  in  kilowatts 

Q  =  flow  through  turbine  in  cubic  feet  per  second 
h  =  hydraulic  head  on  the  turbine  i,  feet 
e  =  e f  f i o i ency 

11.8  =  a  constant  that  accounts  for  the  weight  of  water, 

('<32.4  lbs/ft^)  and  the  rate  that  work  is  performed 
(1  kilowatt  =  737  foot-lbs/sec 

The  potential  power  production  of  each  of  the  six  headw.,  • 
and  the  proposed  Days  Higli  Landing  site  was  then  calculate !  - 

above  formula,  with  the  following  results: 

Outflow^  Head1'2'1 

Existing  dam  i n  c  f s  in  ioet  : 


Winnihigoshish 

320 

Leech 

3  ft  0 

Pokegama 

1  ,  lbO 

Sandy 

2  2 1  ■ 

P  ine 

2  2;  ’ 

Gull 

Days  High  Lund i nr 
( p  ropes. d ) 

~ (T)  Av.  r.e 
<■')  '  ' 
i it". 

I  t  • 


f. 
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The  second  step  in  the  hydropower  potential  evaluation  involved  the 
determination  of  the  total  dollar  value  of  the  proposed  hydropower  generation 
at  each  of  the  six  Mississippi  River  headwaters  and  the  proposed  Days  High 
Landing  sites.  The  annual  dollar  value  per  kilowatt  of  installed  capacity 
was  selected  from  a  range  of  generalized  power  values  provided  by  the 
Federal  Energy  Regulatory  Commission  (FERC).  The  total  annual  dollar  value 
per  kilowatt  of  capacity  consists  of  two  components:  (1)  the  capacity  value 
and  (2)  the  energy  value.  The  capacity  value  is  a  "benefit"  for  not  having 
to  construct  another  power  plant  and  is  based  on  the  size  or  capacity  of 
the  plant.  The  energy  value  is  the  value  of  the  energy  that  is  actually 
generated.  (This  is  sometimes  referred  to  as  an  operations  value.)  The 
capacity  and  energy  values  provided  by  the  FERC  for  a  range  in  plant 
factors  are  as  follows: 


Plant 

Escalated 

capacity 

Capacity 

Energy 

energy 

Equivalent 

factor 

value 

value 

value 

power  value 

(percent) 

Bawiii afl 

(mills /kwh)  (mills /kwh) 

(mills/kwh) 

Cycling  steam  plant 

(if  varying 

flows  are  permitted. 

allowing  peaking 

operation 

20 

144.50 

25 

42 

124 

30 

144.50 

22 

38 

93 

Coal-fired  base-load 

alternative 

40 

135.40 

20 

35 

74 

50 

135.40 

20 

34 

65 

60 

135.40 

19 

33 

59 

70 

135.40 

19 

33 

55 

80 

135.40 

19 

32 

51 

90 

135.40 

19 

32 

49 

100 

135.40 

18 

31 

46 

NOTE:  For  Federal  financing  -  7  3/8  percent;  October  1981  prices; 
50  megawatt  hydroelectric  plant  with  entire  installation 
dependable . 


The  above  information  was  used  to  develop  the  value  of  potential 
power  development  at  each  of  the  seven  indicated  sites. 
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Existing  site 

Potential 

capacity 

(kw) 

Average 

annual 

energy 

(Mwh) 

Equivalent  ^ 
power 
value 

(mi 11s /kwh) 

Potential 

power 

benefits 

$/year) 

Winnibigoshish 

246 

1,720 

67.0 

115,200 

Leech 

171 

1,200 

67.0 

80,400 

Poke  gama 

354 

2,480 

67.0 

166,200 

Sandy 

68 

4  70 

67.0 

31,500 

Pine 

195 

1,370 

67.0 

91,800 

Gull 

28 

170 

67.0 

11,500 

Days  High 
Landing 
(proposed) ' 

394 

2,760 

67.0 

184,900 

(1)  FERC  power  value  at 

50-percent 

plant  capacity 

indexed  to 

7  5/8  percent  interest  rate  by  7630/7381  factor. 

The  third  step  in  the  Mississippi  River  headwaters  power  evalua¬ 
tion  involves  determining  the  annualized  cost  of  construction  for  in¬ 
cluding  a  turbine  and  generator  in  each  of  the  proposed  sites  and 
comparing  these  costs  with  the  potential  benefits  at  each  site. 

Cost  estimate  data  from  the  National  Hydropower  Study  (NHS)  were  used 
to  estimate  the  total  first  costs  in  the  following  table. 
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A  preliminary  summary  of  the  first  cost,  annual  cost,  and  benefit- 
cost  ratio  for  each  of  the  sites  is  as  follows: 


Site 

Total (1) 
first 
cost 

Total(2) 

annual 

cost 

Potential 

annual 

power 

benefits 

Benef it-cost 
ratio 

Winnibigoshish 

$376,000 

$44,600 

$115,200 

2.58 

Leech 

660,000 

66,500 

80,400 

1.21 

Pokegama 

266,000 

36,200 

166,200 

4.59 

Sandy 

525,000 

56  ,000 

31,500 

0.56 

Pine 

267,000 

36,400 

91,800 

2.52 

Gull 

1,250,000 

25,500 

11,500 

0.45 

Days  High 
Landing 

3,366,000 

272,000 

184,900 

0.68 

Cl)  First  costs  in  October  1981  price  levels. 

(2)  Includes  $16,000  annual  operation  and  maintenance  per  site. 

(3)  Hydropower  benefits  only. 


The  above  constitutes  a  preliminary  analysis  of  the  hydropower  poten¬ 
tial  for  the  six  existing  Mississippi  River  Headwaters  Lakes  dams  and 
the  undeveloped  Days  High  Landing  dam.  The  capacity  and  energy  values 
used  to  compute  benefits  are  possibly  too  generous;  actual  benefits  may 
be  as  much  as  20  percent  lower  than  shown.  However,  a  detailed  feasi¬ 
bility  study  would  have  to  be  conducted  to  confirm  the  advisability  of 
developing  those  sites  that  appear  economically  feasible.  Winnibigoshish 
Pokegama,  and  Pine  River  Lakes  appear  feasible,  in  any  event. 

In  September  1981,  Maintenance  Consultants,  Inc.,  of  Coon  Rapids, 
Minnesota,  a  domestic  corporation,  applied  to  the  Federal  Energy 
Regulatory  Commission  for  a  preliminary  permit  for  hydropower  develop¬ 
ment  at  the  Winnibigoshish  site. 


The  Sandy  Lake  site  was  also  included  in  a  1979  Department  of  Energy 
study  involving  small-scale  hydroelectric  power  sites.  The  goal  of  this 
study  was  to  have  up  to  100  rural  small-scale  hydroelectric  projects 


under  construction  by  the  end  of  1981.  The  estimated  100  sites  were  to 
average  about  3  megawatts  of  installed  capacity  each. 

The  sites  evaluated  in  this  study  were  to  (1)  be  in  a  rural  area, 
(2)  have  an  energy  potential  of  100  kilowatts  to  30  megawatts,  and  (3) 
have  no  existing  hydropower.  Unfortunately,  the  desired  program  objec¬ 
tives  were  not  realized  because  of  a  lack  of  continued  support  and 
funding.  The  Sandy  Lake  site  was  found  not  economically  feasible  in  the 
rural  initiative  study  also. 
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GENERAL 


Construction  of  the  dams  at  each  of  the  six  Mississippi  River 
Headwaters  Lakes  was  authorized  by  the  River  and  Harbor  Acts  of 
14  June  1880  and  2  August  1882.  In  1888  Congress  directed  the 
Secretary  of  War  to  establish  regulations  governing  their  operation. 
General  regulations  were  first  established  by  the  War  Department  in 
1889  and  later  formally  modified  in  1931,  1935,  1936,  1944,  and  1945. 

The  primary  purpose  of  the  six  headwaters  lakes  dams  constructed 
between  1884  and  1912  was  for  navigation  at  and  below  St.  Paul,  Minnesota. 
The  area  surrounding  the  headwaters  lakes  was  largely  undeveloped  when  the 
dams  were  first  built  and  there  were  no  serious  objections  to  widely 
fluctuating  lake  elevations .  However,  area  interests  grew  more  con¬ 
cerned  with  lake  operations  as  lakeshore  development  occurred  for 
recreation  and  resort  purposes  and  downstream  agricultural  development. 

The  need  for  water  release  from  the  six  lakes  for  navigation  was 
greatly  reduced  after  completion  of  the  9-foot  channel  project  locks 
and  dams.  These  channel  dams  were  constructed  on  the  Mississippi  River 
from  the  Twin  Cities,  Minnesota,  to  Alton,  Illinois,  during  the  1930's. 

The  Secretary  of  War  issued  new  regulations  for  operating  the  six  head¬ 
waters  lakes  during  the  period  1931-1945,  as  a  result  of  local  interest 
demands,  reduced  navigation,  and  related  downstream  water  needs.  The 
1931-1945  War  Department  Regulations  are  still  in  effect  for  the  Missis¬ 
sippi  River  Headwaters  Lakes. 

1889  WAR  DEPARTMENT  REGULATIONS 

The  1889  regulations  developed  by  the  War  Department  were  not 
specific  as  to  elevations  or  flows.  These  regulations  directed  the 
Government  officer  in  charge  of  dam  operation  to  store  "the  surplus 
over  the  ordinary  low-water  supply  to  the  reservoirs  and  so  much  of  said 
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low-water  volume  as  may  not  be  immediately  needed  for  any  purpose 
below  any  dam"  until  the  safe  limits  of  the  reservoirs  were  reached, 
or  until  water  was  needed  for  navigation  downstream  of  the  dams. 

The  expressed  purpose  for  storing  water  in  the  lakes  was  to  provide 
a  stable  and  sufficient  water  stage  for  navigation  in  the  downstream 
navigable  reaches  of  the  Mississippi  River  and  on  the  downstream 
reaches  of  the  tributary  streams  on  which  the  dams  were  located. 

A  copy  of  the  1889  regulations  is  contained  in  the  1896  Report 
of  the  Chief  of  Engineers,  Volume  3,  pages  1830-1831,  and  is  as  follows 

The  following  rules  and  regulations  have  been  adopted  to 
control  the  use  and  administration  of  the  reservoirs: 

1.  Penalties.  -  The  river  and  harbor  act  of  Congress 
of  August  11,  1888,  contains  the  following  in  relation  to 
the  reservoirs  at  the  headwaters  of  the  Mississippi  River: 

"And  it  shall  be  the  duty  of  the  Secretary  of  War  to  pre¬ 
scribe  such  rules  and  regulations  in  respect  to  the  use  and 
administration  of  said  reservoirs  as,  in  his  judgment,  the 
public  interest  and  necessity  may  require,  which  rules  and 
regulations  shall  be  posted  in  some  conspicuous  place  or 
places  for  the  information  of  the  public.  And  any  person 
knowingly  and  willfully  violating  such  rules  and  regulations 
shall  be  liable  to  a  fine  not  exceeding  five  hundred  dollars, 
or  imprisonment  not  exceeding  six  months,  the  same  to  be 
enforced  by  prosecution  in  any  district  court  of  the  United 
States  within  whose  territorial  jurisdiction  such  offense 
may  have  been  committed." 

2.  Authority  of  officer  in  charge  of  the  reservoirs.  - 
The  accumulation  of  water  in,  and  discharge  of  water  from, 
the  reservoirs,  including  that  from  one  reservoir  to  another, 
shall  be  under  the  direction  of  the  officer  in  charge  of  the 
reservoirs  and  of  his  authorized  agents,  subject  to  the  follow¬ 
ing  restrictions  and  considerations. 
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a.  The  surplus  over  the  ordinary  low-water 
supply  to  the  reservoirs  and  so  much  of  said  low-water 
volume  as  may  not  be  immediately  needed  for  any  purpose 
below  any  dam,  shall  be  stored  until  the  limit  of  capacity 
or  safety  of  the  reservoirs  is  reached,  or  until  water  is 
needed  for  navigation  upon  the  streams  below  the  dams. 

b.  During  the  season  of  navigation  on  the  upper 
Mississippi  River  the  volume  of  water  discharged  from  the 
reservoirs  shall  be  so  regulated  by  the  officer  in  charge 
as  to  maintain  as  nearly  as  practicable,  until  navigation 
closes,  a  uniform  and  sufficient  stage  of  water  in  the 
navigable  reaches  of  the  Upper  Mississippi  and  in  those  of 
any  tributary  thereto  that  may  be  navigated  and  on  which 

a  reservoir  is  located.  The  discharge  may,  however,  at 
any  time,  be  increased  or  diminished  in  order  to  admit  of 
inspecting  or  repairing  the  dikes,  dams,  and  their 
appurtenances. 

c.  Floating  bodies,  other  than  logs,  may  be 
sluiced  through  the  reservoir  dams,  if  their  passage  be 
deemed  proper  or  necessary  by  the  officer  in  charge.  Logs 
may  be  sluiced  through  the  said  dams  under  the  following 
conditions,  viz: 

They  must  be  in  drives  of  not  less  than  3,000,000  feet, 
board  measure,  and  must  be  in  compact  shape  for  being  rapidly 
sluiced  so  as  to  avoid  unnecessary  loss  of  water;  and  the 
parties  having  them  in  charge  must  employ  a  sufficient  force 
of  men  to  keep  the  sluices  running  full  of  logs,  and  to 
prevent  the  formation  of  log-jams  as  far  above  and  below  the 
dams  as  may  be  designated  by  the  officer  in  charge  or  his 
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authorized  agents.  Drives  of  less  than  3,000,000  feet, 
board  measure,  may  be  sluiced  through  the  dams  under  the 
same  conditions  and  requirements  when  the  quantity  is 
either  a  remnant  or  the  total  of  a  drive;  provided,  however, 
that  there  be  no  other  drive  likely  to  join  it  within  forty- 
eight  hours  to  make  up  3,000,000  feet  or  more. 

When  all  the  logs  that  are  destined  to  the  same  boom 
are  sluiced  through  a  reservoir  dam  located  on  a  tributary 
of  the  Mississippi  River,  and  it  not  being  necessary,  at  the 
time  of  such  sluicing,  to  draw  from  the  reservoir  for  pur¬ 
poses  of  navigation,  sufficient  water  may  be  liberated  to 
allow  of  the  rear  being  taken  off  once,  so  that  the  logs  may 
reach  the  Mississippi  River.  If,  however,  a  drive  be  delayed 
in  reaching  a  reservoir  dam,  and  through  no  fault  or  in- 
competency  of  the  parties  in  charge  of  it,  and,  in  the 
opinion  of  the  officer  in  charge,  it  will  not  arrive  before 
a  regular  period  of  discharge  of  water  from  the  reservoir, 
the  rear  of  the  logs  already  through  the  dam  may  be  taken  off 
as  before  said;  the  rear  of  the  delayed  drive  must  then  wait 
until  the  reservoir  water  is  liberated  for  purposes  of  navigation. 

d.  Obstructions  to  flow  of  water:  No  person  shall 
drive  logs  into  a  stream  or  pond  above  or  below  a  reservoir 
dam  when,  in  the  opinion  of  the  officer  in  charge,  such  act 
would  prevent  the  necessary  flow  of  water  to  or  from  such  dam, 
or  in  any  way  injure  the  dam  and  its  appurtenances,  its  dikes, 
and  embankments;  and  should  logs  lying  above  or  below  a  dam 
constitute  at  any  time  an  obstruction  or  menace  as  before-said, 
the  owners  of  said  logs  will  be  required  to  immediately 
remove  them. 
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3.  Handling  gates.  -  No  one,  unless  so  authorized  by 
the  officer  in  charge,  shall  open  or  close  any  gate  pertain¬ 
ing  to  the  said  reservoir  dams,  or  in  any  way  interfere  with 
the  watchmen  or  other  Government  employees  at  the  reservoirs 
in  the  discharge  of  their  duties.  The  watchmen  or  other 
employees  at  the  dams  may  call  for  assistance  from  those  in 
charge  of  a  drive  of  logs  when  gates  are  to  be  opened, 
closed  or  maneuvered  in  connection  with  the  work  of  sluic¬ 
ing  said  drive. 

4.  No  one  shall  trespass  on  any  reservoir  dam,  dike, 
embankment,  or  upon  any  property  pertaining  thereto. 

Approved,  February  21,  1889 
Wm.  C.  Endicott 

Secretary  of  War 

ORIGINAL  OPERATING  LIMITS 

Between  1889  and  1931,  the  six  reservoirs  were  operated  under 
the  1889  regulations.  Although  the  1889  regulations  did  not  specify 
operating  levels,  certain  operating  limits  were  developed  and  used  by 
the  officer  in  charge.  These  levels,  through  usage,  became  known  as 
"original  operating  limits,"  and  were  as  follows: 

Lake 

Winnibigoshish 
Leech 
Pokegama 
Sandy 
Pine 
Gull 


The  lower  operating  limits  were  generally  the  sill  elevation  of 
the  control  dam  or  some  other  physical  factor  that  limited  actual  re¬ 
leases  from  the  dams.  For  example,  the  Leech  Lake  Dam  is  located  in 
the  Leech  Lake  River  channel,  approximately  1^  miles  downstream  of 
Leech  Lake.  The  lake  outlet  provides  a  natural  restriction  on  mini¬ 
mum  releases.  These  lower  stage  limits  were  sometimes  identified 
as  being  the  "normal  low-water  level." 

The  original  high  stage  limits  were  also  established  through  usage 
and  through  engineering  judgment.  The  high  stage  limits  were  generally 
set  4  feet  lower  than  the  flowage  limits  acquired  for  each  reservoir 
area  and  0.5  foot  to  8.0  feet  below  the  controlling  dam  height. 

1931-1945  WAR  DEPARTMENT  REGULATIONS 

The  Secretary  of  War  issued  new  regulations  for  operating  the  six 
headwaters  lakes  during  the  period  1931-1945,  as  a  result  of  the  demands 
of  local  interests  and  the  reduced  navigation  water  supply  needs.  The 
general  effect  of  these  regulations  was  to  raise  the  lower  lake  operat¬ 
ing  limits  for  each  lake  and  to  lower  the  maximum  operating  limit  on 
the  Pine  River  chain  of  lakes  (Whitefish  Chain).  The  War  Department's 
1931-1945  regulations,  which  are  still  in  effect  for  the  Mississippi 
River  Headwaters  Lakes,  are  inclosed  on  the  following  exhibits  1  through 
3A  taken  from  the  current  lake  operating  manual. 
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REGULATIONS  FOR  THE  USE  AND  ADMINISTRATION  OF 
THE  RESERVOIRS  AT  HEADWATERS  OF  THE 
MISSISSIPPI  RIVER 

1.  Penalties ■  -  The  river  and  harbor  act  of  Congress  of  August  11, 
1636,  contains  the  following  in  relation  to  the  reservoirs  at  the 
headwaters  of  the  Mississippi  River; 

"And  it  shall  be  the  duty  of  the  Secretary  of  War  to 
prescribe  such  rules  and  reflations  in  respect  to  the  use  and 
administration  of  said  reservoirs  as,  in  his  judgment,  the 
public  interest  and  necessity  may  require;  which  rules  and 
regulations  shall  be  posted  in  some  conspicuous  place  or 
places  for  the  information  of  the  public.  And  any  person 
knowingly  and  willfully  violating  such  rules  and  regulations 
shall  be  liable  to  a  fine  not  exceeding  five  hundred  dollars, 
or  imprisonment  not  exceeding  six  months,  the  same  to  be 
enforced  by  prosecution  in  any  district  court  of  the  United 
States  within  whose  territorial  jurisdiction  such  offense 
may  have  been  committed". 

2.  Previous  Regulations  now  Revoked.  -  In  accordance  with  the 
above  act,  the  Secretary  of  War  prescribed  regulations  for  the  use  and 
administration  of  the  reservoirs  at  the  headwaters  of  Mississippi  River 
under  date  of  February  21,  1889,  which  are  hereby  revoked  and  the 
following  substituted  therefor. 

3.  Authority  cf  Officer  in  Charge  of  the  Reservoirs.  -  The 
accumulation  of  water  in,  and  discharge  of  water  from,  the  reservoirs, 
including  that  from  one  reservoir  to  another,  shall  be  under  the  direction 
of  the  U.  S.  District  Engineer,  St.  Paul,  Minn.,  and  of  his  authorized 
agents,  subject  to  the  following  restrictions  and  considerations: 

(a)  Notwithstanding  any  other  provision  of  these  regulations, 
the  discharge  from  any  reservoir  may  be  varied  at  any  time  as 
required  to  permit  inspection  of,  or  repairs  to,  the  dams. 

(b)  Except  as  provided  in  subparagraph  3  (a)  above,  discharge 
from  the  respective  reservoirs  shall  r.ot  be  reduced  below  the 
following  values,  as  nearly  as  they  can  be  maintained: 


Winnibigoshish  150  cubic 

feet 

per 

second 

Leech  Lake 

100 

ft 

II 

11 

tl 

Pokegama 

400 

II 

II 

»t 

tl 

Sandy  Lake 

10 

«« 

It 

tt 

tt 

Pine  River 

10 

It 

tl 

it 

It 

Gull  Lake 

10 

It 

It 

tt 

tl 
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(c)  During  the  season  of  navigation  on  the  upper  Mississippi 
River  the  volume  of  water  discharged  from  the  reservoirs  shall  be 
so  regulated  by  the  officer  in  charge  as  to  maintain  as  nearly  as 
practicable,,  until  navigation  closes,  a  sufficient  stage  of  water 
in  the  navigable  reaches  of  the  Upper  Mississippi  and  in  those  of 
any  tributary  thereto  that  may  be  navigated  and  on  which  a 
reservoir  is  located. 

(d)  During  the  transition  period  hereafter  defined,  the 
officer  in  charge  shall  cause  discharges  to  be  made  from  the 
reservoirs,  sufficient  to  maintain,  during  the  months  of  June, 
July,  August  and  September,  of  each  year,  minimum  flows  in  the 
Mississippi  River  at  St.  Paul,  Minn.,  as  follows: 


June 

July 

August 

September 


3000  cubic  feet  per  second 

uooo  . 

3500  "  "  " 

2500  ”  "  "  " 


and  in  addition  he  shall  cause  such  further  discharges  as  may 
be  necessary  to  fulfill  the  requirements  of  subparagraph  3  ( c ) 
above . 


(e)  After  the  transition  period  no  discharge  other  than 
the  minimum  specified  in  subparagraph  5  (b)  shall  be  permitted 
when  a  reservoir  is  at  or  below  its  minimum  stage,  as  set  forth 

in  subparagraph  3  (i),  except  as  may  be  necessary  for  the  sluicing 
of  logs  or  other  floating  bodies,  and  for  the  locking  of  boats, 
rafts,  or  logs  through  the  dams,  and  excepting  also  such  increases 
of  discharge  as  may  be  specifically  directed  by  the  Chief  of 
Engineers.  When  a  reservoir  is  above  its  minimum  stage,  as 
tabulated  in  subparagraph  3  (i),  discharges  in  excess  cf  the 
specified  minimum  may  be  ordered  by  the  District  Engineer  in 
accordance  with  these  regulations. 

(f)  Surplus  waters,  not  required  for  use  in  the  aid  of 
navigation,  may  be  discharged  at  such  time  and  at  such  rates  as 
will  result,  in  the  judgment  of  the  District  Engineer,  in  the 
greatest  general  benefit.  He  shall  consider  the  interests 
affected  by  fluctuating  water  levels  of  the  reservoirs,  as  well 
as  those  affected  by  the  discharge. 

(g)  During  the  transition  period  the  District  Engineer  shall 
make  every  effort,  by  crvreful  operation  of  the  reservoirs,  to 
maintain  the  reservoirs  at  stages  as  high  as  consistent  with  the 
requirements  of  these  regulations. 
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(h)  The  surplus  over  the  minimum  discharges  a3  set  forth 

in  subparagraph  3  (b)  shall  be  stored  until  the  limit  of  capacity 
or  safety  of  the  reservoirs  is  reached,  or  until  such  time  els 
water  may  be  discharged  in  accordance  with  these  regulations. 

(i)  Following  the  transition  period,  the  reservoirs  shall  be 
operated  between  the  following  limits,  referred  to  the  zeros  of 
the  Government  gages  in  the  lakes,  in  so  far  as  the  water  levels 
reasonably  can  be  controlled  by  the  District  Engineer  and  in  so 
far  as  such  limits  can  be  maintained  under  the  requirements  of 
paragraph  3  of  these  regulations: 


Winnibigoshish 
Leech  Lake 
Pokegama 
Sandy  Lake 
Pine  River 
Gull  Lake 


from  6.0  to  14.2 
"  1.0  to  5-24 

"  6.0  to  12.0 

"  7.0  to  11.0 

"  9.0  to  15.0 

"  5.0  to  7.0 


4.  Transition  Period.  -  The  period,  commencing  with  the  date  of 
approval  of  these  regulations  and  extending  to  the  January  1st  following, 
on  which  a  total  volume  of  10  billion  cubic  feet  of  water  shall  be 
available  in  the  reservoirs  above  the  minimum  stages  as  set  forth  in 
subparagraph  3  (i),  is  hereafter  termed  the  transition  period. 


5-  Passage  of  Logs  and  Other  Floating  Bodies.  -  Logs  and  other 
floating  bodies  may  be  sluiced  or  locked  through  the  dams,  but  prior 
authority  for  the  sluicing  of  logs  must  be  obtained  from  the  District 
Engineer  when  this  operation  necessitates  a  change  of  discharge. 

6.  Obstructions  to  Flow  of  Water.  -  No  person  shall  place  floating 
bodies  in  a  stream  or  pond  above  or  below  a  reservoir  dam  when,  in  the 
opinion  of  the  officer  in  charge,  such  act  would  prevent  the  necessary 
flow  of  water  to  or  from  such  dam,  or  in  any  way  injure  the  dam  and  its 
appurtenances,  its  dikes,  and  embankments;  and  should  floating  bodies 
lying  above  or  below  a  dam  constitute  at  any  time  an  obstruction  or 
menace  as  beforesaid,  the  owners  of  said  floating  bodies  will  be  required 
to  remove  them  immediately. 

7*  Trespass.  -  No  one  shall  trespass  on  any  reservoir  dam,  dike, 
embankment,  or  upon  any  property  pertaining  thereto. 


Approved  February  11,  1931 


Patrick  J.  Hurley 
Secretary  of  Unr 
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WAR  DEPARTMENT 

OFFICE  0?  THE  CHIEF  OF  ENGINEERS 
WASHINGTON 


72U5(Mlss. R. Reservoirs ) 25 


April  1st,  1931 


Honorable  Harold  Knutson, 

Representative  in  Congress 
St,  Cloud,  Minn. 

My  dear  Mr.  Knutson: 

1.  Reference  is  nade  to  the  question  of  modifying  the  regulations 
for  the  reservoirs  at  the  headwaters  of  the  Mississippi  River,  with 
particular  reference  to  Pine  River  and  Pokegana,  as  discussed  in  our 
conference  of  February  26th.  The  regulations  as  approved  by  the 
Secretary  of  War,  February  11,  1931,  provide  for  a  minimum  level  at 
Pine  River  reservoir  of  9  feet  and  a  maximum  level  for  Pokegana  of 

12  feet.  Your  request  that  the  minimum  level  at  Pine  River  be  increased 
to  11  feet  and  the  maximum  level  at  Pokegama  be  reduced  to  10  feet  has 
received  careful  consideration. 

2.  The  District  Engineer  at  St.  Paul  will  be  instructed  to  establish 
a  minimum  level  of  11  feet  instead  of  9  feet  at  Pine  River  reservoir  as 
speedily  es  is  practicable  under  the  regulations.  He  will  be  further 
Instructed  that  additional  water  under  paragraph  3  (c)  of  the  regulations 
will  not  be  released  for  navigation  without  the  approval  of  this  office. 

3.  It  has  been  determined  that  reduction  in  the  upper  level  of 
Pokegama  from  12  feet  to  10  feet  would  na.ee  impossible  the  maintenance 
of  the  minimum  discharges  prescribed  in  paragraph  3  (b)  and  3  (d)  of 
the  regulations,  Pokegama  being  the  key  of  the  reservoir  system.  A 
change  in  the  regulations  at  Pokegama  is  therefore  considered  imprac¬ 
ticable  at  this  time. 

h.  The  matter  of  further  change  in  the  regulations  will  be  taken 
up  after  one  season's  experience. 


Very  truly  yours, 


(Signed)  LYTLE  BROWN 

Lytle  Brown 
Major  General 
Chief  of  Engineers 
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REGULATIONS  FOR  THE  USE  AND  ADMINISTRATION  0? 

THE  RESERVOIRS  AT  HEADWATERS  OF  THE 
MISSISSIPPI  RIVER 

1.  Penalties .  -  The  river  and  harbor  act  of  Congress  of  August  11, 
1888,  contains  the  following  in  relation  to  the  reservoirs  at  the 
headwaters  of  the  Mississippi  River: 

"And  it  shall  be  the  duty  of  the  Secretary  of  War  to  prescribe 
such  rules  and  regulations  in  respect  to  the  use  and  administration 
of  said  reservoirs  as,  in  his  judgment,  the  public  interest  end 
necessity  may  require;  which  rules  and  regulations  shall  be  posted 
in  some  conspicuous  place  or  places  for  the  information  of  the 
public.  And  any  person  knowingly  and  willfully  violating  such 
rules  and  regulations  shall  be  liable  to  a  fine  not  exceeding  five 
hundred  dollars,  or  imprisonment  not  exceeding  six  months,  the  same 
to  be  enforced  by  prosecution  in  any  district  court  of  the  United 
States  within  whose  territorial  jurisdiction  such  offense  may 
have  been  committed". 

2.  Previous  Regulations  now  Revoked.  -  In  accordance  with  the  above 
act,  the  Secretary  of  War  prescribed  regulations  for  the  use  and  admin¬ 
istration  of  the  reservoirs  at  the  headwaters  of  Mississippi  River  ui.dor 
date  of  February  21,  1889,  which  are  hereby  revoked  and  the  following 
substituted  therefor. 

3-  Authority  of  Officer  In  Charge  of  the  Reservoirs.  ••  The  a c em¬ 
ulation  of  water  in,  and  discharge  of  water  from,  the  reservoirs, 
including  that  from  one  reservoir  to  another,  shall  be  under  the 
direction  of  the  U.  5.  District  Engineer,  St.  Paul,  Minn.,  and  of  his 
authorized  agents,  subject  to  the  following  restrictions  and  consider¬ 
ations  : 


(a)  Notwithstanding  any  other  provision  of  these  regulations, 
the  discharge  from  any  reservoir  may  be  varied  at  any  time  as 
required  to  permit  inspection  of,  or  repairs  to,  the  dams,  dikes, 
of  their  appurtenances,  or  to  prevent  damage  to  lands  or  structures 
above  or  below  the  dams. 


(b)  Except  ns  provided  in  subparagraph  3(a)  above,  discharge 
from  the  respective  reservoirs  shall  not  be  reduced  below  the 
following  average  annual  values,  as  nearly  as  they  can  practically 
be  maintained: 


Pokegama 
Sandy  Lake 
Pine  River 
Gull  Lake 


200  cubic  feet  per  second 


10  " 
10  " 
10  " 


»» 

M 

»t 
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(c)  During  the  season  of  navigation  on  the  upper  Mississippi 
River,  the  volume  of  water  discharged  from  the  reservoirs  shall 
be  so  regulated  by  the  officer  in  charge  as  to  maintain  as  nearly 
as  practicable,  until  navigation  closes,  a  sufficient  stage  of 
water  in  the  navigable  reaches  of  the  Upper  Mississippi  and  in 
those  of  any  tributary  thereto  that  may  be  navigated  and  on 
which  a  reservoir  is  located. 


(a)  During  the  transition  period  hereafter  defined,  the 
officer  in  charge  shall  cause  discharges  to  be  made  from  the 
reservoirs,  in  addition  to  the  minimum  specified  above,  sufficient 
to  maintain,  at  St.  Paul,  as  nearly  as  practicable,  the  computed 
natural  discharge,  based  upon  all  available  rainfall  data,  for 
the  months  of  June,  July,  August  and  September,  but  not  to  exceed 
the  following: 


June 

July 

August 

September 


3,000  cubic  feet  per  second 
4,000  "  "  "  " 

3.500  "  "  " 

2. 500  "  "  "  " 


except  that  he  shall  cause  such  further  discharges  as  may  be 
necessary  to  fulfill  the  requirements  of  subparagraph  3(c)  above. 


(e)  After  the  transition  period  no  discharge  other  than 
the  minimum  specified  in  subparagraph  3(b)  shall  be  permitted 
when  a  reservoir  is  at  or  below  its  minimum  stage,  as  set  forth 
in  subparagraph  3(i),  except  as  may  be  necessary  for  the  sluicing 
of  logs  or  other  floating  bodies,  and  for  the  locking  o  f  boats, 
rafts,  or  logs  through  the  dams,  and  excepting  also  such  increases 
of  discharge  as  may  be  specifically  directed  by  the  Chief  of 
Engineers.  When  a  reservoir  is  above  its  minimum  stage,  as 
tabulated  in  subparagraph  3(i)>  discharges  in  excess  of  the 
specified  minimums  may  be  ordered  by  the  District  Engineer  in 
accordance  vith  these  regulations. 


(f)  Surplus  waters,  not  required  for  use  in  the  aid  of 
navigation,  may  be  discharged  at  such  time  and  at  such  rates  as 
Trt.ll  result,  in  the  judgment  of  the  District  Engineer,  in  the 
greatest  general  benefit.  He  shall  consider  the  interests  affected 
by  fluctuating  water  levels  of  the  reservoirs,  as  well  as  those 
effected  by  the  discharge. 

(g)  During  the  transition  period  the  District  Engineer  shall 
make  every  effort,  by  careful  operation  of  the  reservoirs,  to 
maintain  the  reservoirs  at  steges  as  high  as  consistent  with  the 
requirements  of  these  regulations. 
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(h)  The  surplus  over  the  minimum  discharges  as  set  forth 
in  subparagraph  3(h)  shall  be  stored  until  the  limit  of  capacity 
or  safety  of  the  reservoirs  is  reached,  or  until  such  time  as 
water  may  be  discharged  in  accordance  with  these  regulations. 

(i)  Following  the  transition  period,  the  reservoirs  shall 
be  operated  between  the  following  limits,  referred  to  the  zeros 
of  the  Government  gages  in  the  lakes,  insofar  as  the  water  levels 
reasonably  can  be  controlled  by  the  District  Engineer,  and  insofar 
as  such  limits  can  be  maintained  under  the  requirements  of 
paragraph  3  of  these  regulations: 


Winnibigoshish 
Leech  Lake 
Pokegama 
Sandy  Lake 
Pine  River 
Gull  Lake 


from  6.0  to  14.2 
"  1.0  to  5.24 

"  6.0  to  12.0 

"  7.0  to  11.0 

"  9*0  to  15.0 

"  5-0  to  7.0 


The  range  of  fluctuations  in  levels  in  any  reservoir  in  a  single 
calendar  year  shall  be  held  at  a  minimum  consistent  with  the 
requirements  of  these  regulations  and  with  the  inflow  of  that  year, 

4.  Transition  Period.  -  The  period,  commencing  with  the  date  of 
approval  of  those  regulations  and  extending  to  the  January  1st  following, 
on  which  a  total  volume  of  10  billion  cubic  feet  of  water  shall  be 
available  in  the  reservoirs  above  the  minimum  stages  a:  set  forth  in 
subparagraph  3(i),  is  hereafter  termed  the  transition  period. 

5.  Passage  of  Logs  and  Other  Floating  Pciics.  -  Logs  and  other 
floating  bodies  may  be  sluiced  or  locked  threugn  the  dams,  but  prior 
authority  for  the  sluicing  of  logs  must  be  obtained  from  the  District 
Engineer  when  this  operation  necessitates  a  change  of  discharge. 

6.  Obstructions  to  Flow  of  Water.  -  fo  person  shall  place  floating 
bodies  in  a  stream  or  por.d  above  or  below  a  reservoir  dam  when,  in  the 
opinion  of  the  officer  in  charge,  such  act  would  prevent  the  necessary 
flow  of  water  to  or  from  such  dan,  or  in  any  way  injure  the  dam  and  its 
appurtenances,  its  dikes,  and  embankments ;  and  should  floating  bodies 
lying  above  or  below  a  dam  consitute  at  any  time  on  obstruction  or 
menace  os  beforesaid,  the  o>mers  of  said  floating  bodies  will  be 
required  to  remove  them  immediately. 


7*  Trespass.  -  No  one  shall  trespass  on  any  reservoir  dam,  dike 
embankment  or  upon  any  property  pertaining  thereto. 


Approved,  May  l4th,  1935 
Harry  H.  Woodring, 

Acting  Secretary  of  War 
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REGULATIONS  FOR  THE  USE  AND  ADMUflSTRATIGIJ  OF  TIE 
RESERVOIRS  AT  HEADWATERS  OF  THE  MISSISSIPPI  RIVER 


RESERVOIRS  AT  HEADWATERS  OF  THE  MISSISSIPPI  RIVER 


1.  The  Reservoirs  at  the  Headwaters  of  the  Mississippi  River  Include 
Winnibigoshish,  Leech  Lake,  Fokegara,  Sandy  Lake,  Fine  River  and  Gull  Lake. 

2.  Penalties.  The  river  and  harbor  act  approved  August  11,  1888,  , < 

Includes  the  Following  provisions  as  to  the  administration  of  the  headwaters 
reservoirs: 

"And  it  shall  be  the  duty  of  the  Secretary  of  War  to  prescribe 
such  rules  and  regulations  in  respect  to  the  use  and  administration 
of  said  reservoirs  as,  in  his  judgment,  the  public  interest  ar.d 
necessity  may  require;  which  rules  and  regulations  shall  be  posted 
in  sene  conspicuous  place  or  places  for  the  information  of  the  public. 

And  any  person  knowingly  and  willfully  violating  such  rules  and 
regulations  shall  be  liable  to  a  fine  not  exceeding  five  hundred 
dollars,  or  imprisonment  not  exceeding  six  months,  the  same  to  be 
enforced  by  prosecution  in  any  district  court  cf  the  United  States 
within  whose  territorial  jurisdiction  such  offense  may  have  been 
committed." 

3«  Previous  Regulations  New  Revoked.  In  accordance  with  the  above 
act,  the  Secretary  of  War  prescribed  regulations  for  the  use  and  adminis¬ 
tration  of  the  reservoirs  at  the  headwaters  of  Mississippi  River  under 
date  of  February  11,  1931*  which  together  with  all  subsequent  amendments 
are  hereby  revoked  and  the  following  substituted  therefor. 

4 .  Authority  of  Officer  in  Charge  of  the  Reservoirs.  The  accumulation 
Of  water  in,  and  discharge  of  water  iron  the  reservoirs,  including  that 
from  one  reservoir  to  another,  shall  be  under  the  direction  of  the  U.  S. 

District  Engineer,  St.  Paul,  Minnesota,  und  cf  his  authorised  agents 
subject  to  the  following  restrictions  and  considerations: 

a.  Notwithstanding  any  other  provision  of  these  regulations, 
the  discharge  from  any  reservoir  may  be  varied  at  any  tire  ns  required 
to  permit  inspection  of,  or  repairs  to,  the  dams,  dikes  or  th^ir  appurtenances, 
or  to  prevent  damage  to  lands  or  structures  above  or  below  the  dams . 

b.  Except  as  provided  in  subparagraph  4(a)  abeve,  the  average 
annual  discharge  from  the  respective  reservoirs  shall  not  be  reduced  below 
the  following  values,  as  nearly  as  they  can  practically  be  maintained: 


Winnibigcshish 

190  cubic 

feet 

per  second 

Leech  Lake 

70 

(1 

M  II 

Pokegoma 

200 

II 

II  ft 

Sandy  Lake 

be  " 

II 

II  II 

Pine  River 

90 

tl 

II  H 

Gull  la^e 

50  " 

it 

If  H 
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c.  Euricg  the  season  of  na/igation  on  the  upper  Mississippi  River, 
the  volume  of  water  discharged  from  the  reservoirs  shall  be  so  regulated  by 
the  officer  in  charge  as  to  maintain  as  nearly  as  practicable,  until  navi¬ 
gation  closes,  a  sufficient  stage  of  water  in  the  navigable  reaches  of  the 
Upper  Mississippi  and  in  those  of  any  tributary  thereto  that  may  be  navigated 
and  on  which  a  reservoir  is  located. 

d.  Surplus  waters  in  storage  above  the  stages  listed  in  paragraph 
4(g),  not  required  for  use  in  the  aid  of  navigation,  as  provided  for  in 
subparagraph  4(c)  above,  may  be  discharged  at  such  time  and  at  such  rates 
as  will  result,  in  the  judgment  of  the  District. Engineer,  in  the  greatest 
general  benefit  or  the  minimum  of  injuries  to  all  affected  interests. 

e.  No  discharge  other  than  the  minimum  specified  in  subparagraph 
4(b),  shall  be  permitted  when  a  reservoir  is  at  or  below  its  minimum  stage 
as  set  forth  in  subparagraph  4(g),  except  such  increased  of  discharge  as 
may  specifically  be  directed  by  the  Chief  of  Engineers. 

f.  The  surplus  inflow  over  the  minimum  discharge  set  forth  in 
subparagraph  4(b),  shall  be  stored  until  the  limit  of  capacity  or  safety 
of  the  reservoir  i3  reached,  or  until  such  time  as  water  may  be  discharged 
in  accordance  with  these  regulations. 

g.  So  far  as  practicable,  under  the  requirements  of  these  regu¬ 
lations,  the  officer  in  charge  will  cause  the  reservoirs  to  be  maintained 
above  the  following  minimum  stages,  referred  to  zeros  of  respective  Govern¬ 
ment  gauges: 


Winnibigoshish 

6.0 

Leech  Lake 

1.0 

Pokegama 

6.0 

Sandy  Lake 

7-0 

Pine  River 

9-0 

Gull  Lake 

5.0 

The  range  of  fluctuations  in  levels  In  any  reservoir  in  a  single  calendar 
year  shall  be  held  at  a  minimum  consistent  with  the  requirements  of  these 
re0ulations  and  with  the  inflow  of  that  year.  If,  through  necessity  reservoir 
are  drawn  below  these  stages,  minimum  stages  will  be  restored  at  the  first 
practicable  opportunity. 

5.  Passage  of  Logs  and  Other  Floating  Bodies.  Logs  and  other  floating 
bodies  may  be  sluiced  or  loomed  through  the  dams,  but  prior  authority  for 
the  sluicing  of  logs  must  be  obtained  from  the  District  Engineer  when  this 
operation  necessitates  a  material  change  in  discharge. 

6.  Obstructions  to  Flow  of  Water.  No  person  shall  place  floating 
bodies  in  a  stream  or  pond  above  or  below  a  reservoir  dam  when,  in  the 
opinion  of  the  officer  in  charge,  such  act  would  prevent  the  necessary  flow 
of  water  to  or  from  such  dam,  or  in  any  way  injure  the  dam  ar.d  its  appur¬ 
tenances,  its  dikes  and  embankments;  and  should  floating  bodies  lying  above 
or  below  a  dam  constitute  at  any  tire  an  obstruction  or  menace  as  befere- 
said,  the  owners  of  said  floating  bodies  will  be  required  to  remove  them 
immediately . 

7 •  Trespass .  No  one  sbalx  trrsp.iss  on  any  reservoir  dam,  dike, 
embankment  or  upon  any  property  pertaining  thereto. 

Approved,  February  4,  193',  B-15 

Oeo.  R.  Dern,  Secretary  of  Tv'r.r  -2- 
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COPY  WAR  DZPAZZ23™ 

UNITED  STATES  ENGINEER  OFFICE 
1217  U.  S.  Post  Office  and  Custom  House 
St.  Paul  1,  Minn. 

25  January  19^5 

i 


To  Whom  it  May  Concern: 


The  Regulations  to  govern  the  operation  of  the  Reservoirs 
at  the  headwaters  of  the  Mississippi  River,  approved  by  the  Secretary 
of  War  4  February  1936,  have  been  revised  by  the  Secretary  of  War  in 
accordance  with  the  copy  of  the  amendment  printed  below  and  on  the 
back  of  this  notice. 


1 


3 


1 


The  only  effect  of  this  amendment  is  to  reduce  the  minimum 
operating  level  of  Leech  Lake  Reservoir  from  1.0  to  0*0  stage. 


This  action  was  t alien  on  the  request  of  a  number  of  property 
oxraers  at  a  meeting  at  Walker,  Minnesota,  on  25  October  1944. 


/s/H.  J.  MANGER 
H.  J.  MAT BEE 

Major,  Corps  of  Engineers 
Acting  District  Engineer 


NAVIGATION  REGULATIONS 

Pursuant  to  Section  1  of  the  River  and  Harbor  Act  of  August  11. 
1888  (  25  Stat.  419;  33  U.S.C.  601),  the  provisions  of  Section  207.3*+0 
are  hereby  modified  to  provide  for  a  change  in  the  minimum  stage  of 
Leech  Lake  Reservoir  from  1.0  to  0.0  feet,  subparagraph  (d)  (7)  being 
emended  to  read  as  follows: 

207 . 3*+0  Reservoirs  et  headwaters  of  the  Mississippi  River;  use 
end  administration.  Amendment. 

******* 


(over) 
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(7)  So  fop  as  practicable,  under  the  requirements  of  these 
regulations,  the  officer  in  charge  will  cause  the  reservoirs  to  be 
Maintained  above  the  following  minimum  stages,  referred  to  zeros  of 
respective  Government  gauges: 


Winnibigoshish, 
Leech  Lake, 
Pokegama, 

Sandy  Lake, 
Pine  River, 
Gull  Lake, 


6.0 

0.0 

6.0 

7.0 

9.0 

5.0 


The  range  of  fluctuations  in  levels  in  any  reservoir  in  a  single 
calendar  year  shall  be  held  at  a  minimum  consistent  with  the  requirements 
of  these  regulations  and  with  the  inflow  of  that  year.  If,  through 
necessity  reservoirs  are  dra:/n  below  these  stages,  minimum  stages  will 
be  restored  at  the  first  practicable  opportunity. 


******* 


Approved  December  29,  19^4 


/s/  Henry  L.  Stinson 
Secretary  of  War 


vNote:  These  rules  and  regulations,  vrhen  published,  have 
the  force  of  law.  They  were  published  in  the  Federal  Register  on 
10  January  19^5;  public  notices  of  their  approval  were  sent  to  all 
known  interested  parties  on  25  January  19^5;  and  they  have  been 
posted  in  the  post  offices  at  Walker,  Cass  Lake,  Wilkinson,  Federal 
Dam,  Bena  and  Boy  River,  Minnesota." 
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1956  TENTATIVE  GUIDE  CURVES  FOR  SPRING  AND  SUMNER  FLOODS 
C  POKEG AMA- SANDY -AITKIN) 


The  operation  of  the  headwaters  lakes  continued  to  generate  much 
controversy  over  the  years  and  many  meetings  were  held  with  local 
groups  to  determine  possible  modifications  in  lake  operating  procedures 
that  would  be  acceptable  to  all  concerned.  One  of  these  modifications 
resulted  from  a  3  December  1953  meeting  with  Pokegama  and  Sandy  Lakes 
and  Aitkin,  Minnesota,  area  interests.  Tentative  guide  curves  were 
developed  to  minimize  total  damage  in  the  three  areas  with  the  operation 
of  the  headwaters  lakes. 

The  tentative  curves  were  revised  slightly  in  1956  to  eliminate 
storing  water  in  Pokegama  Lake  after  floods  had  peaked  in  downstream 
Aitkin.  The  1956  curves  were  formalized  in  the  1963  Operating  Plan 
Manual  and  are  shown  on  the  following  figures. 
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STAGE  IN  FEET  -  POKEGAMA  RESERVOIR 


note: 

Curve  shows  relation  between  maximum  reservoir 
stages  and  corresponding  peak  flood  stage  on 
the  Mississippi  River  ot  Aitkin  which, under  oper* 
ofing  procedures  new  in  effect,  will  result  (on 
tho  overage)  in  the  minimum  total  flood  damages 
1o  affected  interests  *n  the  three  principal 
damage  areas. 


Pokegama  Gage  Zero  =  1264.42 
Sandy  Gage  Zero  =  1207.31 
Aitkin  Gage  Zero  =  1185.41 
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NAVIGATION  AND  FLOOD  CONTROL 
MISSISSIPPI  RIVER,  MINNESOTA 
HEADWATERS  DAMS  AND  RESERVOIRS 

master 

RESERVOIR  REGULATION  MANUAL 
TENTATIVE  GUIDE  CURVE  ' 
SPRING  FLOODS  (M  Art.  -  i  f>  MAY)  j 
CORPS  Ot  ENGINEERS  U  S  ARMY  ' 

OFFICE  OF  THC  District  E  NGINi.  T  R 
ST.  PAUL  DISTRICT  ST  PAUL,  M  INNLS  D  t 
_  7\PRll  inr.B 


STAGE  IN  FEET  -  POKEGAMA  RESERVOIR 


10  II  12  13  14  15  16 

STAGE  IN  FEET -SANDY  LAKE  RESERVO'R  I 


NOTE 

Curve  shows  relation  between  maximum  reservoir 
stages  and  corresponding  peak  flood  stage  on 
tne  Mississippi  River  at  A ■  t k i n  wnicn,  under  oper¬ 
ating  procedures  now  in  effect,  will  result  (on 
tne  overage)  m  tne  minimum  total  flood  damages 
♦o  affected  interests  in  the  three  principal 
domoge  areas. 


Pokegana  Gage  Zero  =  1264.42 
Sandy  Gage  Zero  =  1207.31 
Aitkin  Gage  Zero  =  1185.41 


NAVIGATION  AND  FLOOD  CON T  ROL  I 

MISSISSIPPI  RIVER,  MINNESOTA  I 

HEADWATERS  DAMS  AND  RESERVOIRS  : 

MASTER  j 

RESERVOIR  REGULATION  MANUA'.  ] 

TENTATIVE  GUIDE  CURVE  ! 

SUMMER  FLOODS  IIS  MAY- SEPT.)  ; 

CORPS  OFENGlNELRS  U  S  ARMvj 

OFFICE  OF  THE  DISTRICT  fNrur.T  ‘  •> 

ST.  PAUL  DIS1RICT  ST  PAUL,  MiNNtSOTA  | 
APRIL  lQC 3 


1961-1963  STATE  OF  MINNESOTA  RECOMNENDAT I ONS  FOR  REGULATION 


GENERAL 

The  State  of  Minnesota  made  a  comprehensive  study  and  reconnnend.it  ions 
for  operating  the  six  Mississippi  River  Headwaters  Lakes  culminating  in 
1963.  These  State  recommendations  were  never  formally  adopted  hut,  in 
actual  practice,  the  recommended  minimum  flow  releases  for  fish  and 
wildlife  and  other  purposes  are  followed  during  low-flow  periods.  These 
minimum  releases  are  contained  in  the  Commissioner  of  Conservation's 
19  April  1963  order.  (See  page  B-23.) 

BACKGROUND 

Several  hearings  were  held  between  1940  and  1945  to  gather  testimony 
concerning  the  operation  of  the  dams.  This  testimony  revealed  that  no 
thorough  studies  had  been  made  to  determine  water  levels  which  should 
be  established  to  best  serve  the  needs  of  the  users  of  the  lakes  and 
waters. 

The  Minnesota  Legislature  appointed  an  Interim  Commission  in  1957 
to  study  control  of  the  headwaters  dams.  After  hearings  with  manv 
people,  including  the  St.  Paul  District,  Corps  of  Engineers,  the  Interim 
Commission  concluded  that  the  dams  of  the  Mississippi  Headwaters  would 
be  best  controlled  if  responsibilities  for  operation  were  shared  by 
the  Corps  of  Engineers  and  the  State  of  Minnesota.  This  reoommendat ion 
was  accepted  by  the  1959  Legislature  and  a  second  Interim  Commission 
was  appointed  to  "consider  effectuating  joint  control  between  the  State 
and  Federal  authorities  of  the  Upper  Mississippi  Reservoirs  in  the 
interest  of  the  people  of  the  State  .  .  ."  The  State  Commissioner  of 
Conservation  was  also  authorized  to  enter  into  temporary  agreements 
with  the  Corps  of  Engineers  for  joint  control ,  upon  approval  of  the 
Interim  Commission. 


B-21 


Negotiations  between  the  St.  Paul  District,  Corps  of  Engineers  and 
the  Interim  Commission  were  initiated  and  proceeded  through  draft  of  a 
tentative  agreement.  In  1960  the  St.  Paul  District  reported  that  the 
Corps  had  no  authority  to  execute  the  proposed  agreement  without 
further  congressional  direction.  Funds  were  subsequently  allocated 
to  make  a  thorough  study  of  the  Upper  Mississippi  River,  originally 
authorized  in  1945,  as  a  basis  for  a  report  to  the  Secretary  of  the 
Army  and  to  Congress  on  what  Federal  action  might  be  most  appropriate. 
This  study  was  never  completed  for  lack  of  funds. 

The  Minnesota  Legislature,  at  its  1961  session,  enacted  a  State 
law  stating  that  "The  Commissioner  of  Conservation  is  authorized  and 
directed  to  enter  into  Cooperative  Agreements  with  the  United  States 
of  America,  acting  through  the  Department  of  the  Army,  for  the  joint 
control  and  regulation  of  these  reservoirs  within  the  principles  herein¬ 
after  prescribed  so  as  to  effectuate  control  of  the  water  elevations 
and  the  water  discharges  from  these  lakes  in  the  interests  of  the  State 
of  Minnesota,  subject  only  to  any  paramount  need  of  waters  from  these 
sources  in  aid  of  any  substantial  navigation  requirements,  and  subject 
further  to  any  substantial  requirement  of  providing  necessary  flood 
control  storage  capacity  as  determined  by  the  Corps  of  Army  Engineers." 
The  law  also  authorizes  and  directs  the  Commissioner  of  Conservation 
to  formulate  a  plan  for  the  operation  of  the  dams  and  provides  guide¬ 
lines  for  such  a  plan  to  assure  full  consideration  of  all  interests  in 
the  Mississippi  River  Headwaters,  both  in  the  area  and  downstream. 

The  Commissioner  of  Conservation  issued  an  order  dated  Id  April  Idpj,  in 
response  to  the  1961  session  laws  authorizing  him  to  do  so. 

No  formal  agreement  was  made  between  the  Corps  of  Engineers  and  tin 
State  of  Minnesota  concerning  joint  control  and  regulation  of  the  six 
Mississippi  River  Headwaters  Lakes.  However,  in  actual  practice,  the 
St.  Paul  District  attempts  to  coordinate  lake  operation  in  conformance 
with  the  1963  Commi ssioner ' s  order  whenever  possible,  especial lv  tor 
low  flows.  The  low-flow  limitations  in  table  I)  of  the  1  dp  1  order  ire 
followed  In  detail  bv  the  St.  Paul  District. 
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COMMISSIONER'S  ORDER 


Copies  of  the  19  April  1963  Commissioner's  Order,  the  1961  Session 
Laws,  and  reconinended  operating  plans  for  Winnibigoshish  and  Leech  Lakes 
follow: 


B-2  3 


STATE  OF  MINNESOTA 
DEPARTMENT  OF  CONSERVATION 


1 


In  the  Matter  of  the  Adoption  of  a  FINDINGS  OF  FACT 

plan  by  the  Commissioner  of  Con¬ 
servation  for  the  operation  of  the  CONCLUSIONS 

dams  controlling  each  of  the  fol¬ 
lowing  named  headwater  Lakes  of  the  ORDER 

Mississippi  River:  Leech  Lake, 

Winnibigoshish  Lake,  Pokegama  Lake, 

Pine  River  (the  Whitefish  Chain), 

Sandy  Lake,  and  Gull  Lake. 


The  above  entitled  matter  came  on  for  hearing  before  Clarence  Prout, 
Commissioner  of  Conservation  in  the  Courthouse  of  the  City  of  Brainerd, 
Minnesota,  on  Wednesday,  November  14,  1962,  at  10:00  a.m.  and  at  a 
continuation  thereof  in  the  Centennial  Office  Building,  St.  Paul, 
Minnesota,  on  Wednesday,  December  19,  1962,  at  10:00  a.m.,  upon  notice 
duly  published  pursuant  to  Minnesota  Statutes  1961,  Section  110.51. 

The  purpose  of  said  hearing  was  to  determine  whether  or  not  a  plan 
formulated  by  the  Commissioner  of  Conservation  pursuant  to  Minnesota 
Statutes  1961,  Sections  110.47  through  110.53  shall  be  put  into  effect 
for  the  operation  of  dams  controlling  the  above  named  headwater  lakes 
and  reservoirs  of  the  Mississippi  River. 

The  Commissioner  was  represented  at  the  hearing  by  Mr.  Frank  J.  Murray, 
Deputy  Attorney  General  and  Lawrence  J.  Vaubel,  Special  Assistant 
Attorney  General  in  behalf  of  Walter  F.  Mondale,  Attorney  General. 

After  public  presentation  of  said  plan  and  hearing  all  parties  inter¬ 
ested  therein,  and  after  due  consideration  of  the  evidence  received 
at  said  hearing,  the  Commissioner  of  Conservation  makes  the  following: 

FINDINGS  OF  FACT 

I 

Dams  have  been  built  by  the  government  of  the  United  States  at  the 
outlets  of  Winnibigoshish,  Leech,  Pokegama,  Sandy,  Cross  and  Gull 
Lakes  in  northern  Minnesota  to  create  reservoirs  known  as  Winnibigoshish, 
Leech,  Pokegama,  Sandy,  Pine  River  and  Gull  Reservoirs,  respectively. 
These  reservoirs  provided  water  used  to  augment  flows  in  the  Mississippi 
River  as  an  aid  to  navigation  during  periods  of  low  natural  flow.  The 
reservoir  area,  watershed  area,  reservoir  capacity  and  year  of  original 
completion  for  each  reservoir  is  as  follows: 


Reservoir 

Year  of 
Completion 

Reservoir 

Area 

Square  Miles 

Watershed 

Area 

Square  Mi. 

Reservoi: 
Capacity 
Billion 
Cu.  Ft. 

Winnibigoshish 

1884 

179 

1,442 

42 

Leech 

1884 

250 

1,163 

32 

Pokegama 

1884 

35 

660* 

5 

Sandy 

1895 

16 

421 

3 

Pine  River 

1886 

23 

562 

7 

Gull 

1913 

20 

287 

3 

*Exclusive  of  area  controlled  by  Winnibigoshish  and  Leech 
are  tributary  to  Pokegama  Reservoir. 

Dams , 

which 

II 


The  original  dams  at  the  outlets  of  Winnibigoshish ,  Leech,  Pokegama , 
Sandy  and  Pine  River  Reservoirs  have  been  reconstructed  by  the  govern¬ 
ment  of  the  United  States.  The  present  dams  were  built  in  1900,  1902, 
1904,  1909  and  1907,  respectively.  The  dams  have  been  maintained, 
modified,  and  operated  by  the  United  States  Army,  Corps  of  Engineers, 
since  construction. 


Ill 

The  government  of  the  United  States  owns  all  interests  in  lands  needed 
for  operation  of  the  reservoirs. 


IV 

The  operation  of  Winnibigoshish  Reservoir  has  been  modified  by  the 
construction  of  the  United  States  Department  of  Agriculture,  Forest 
Service,  of  the  dam  known  as  Knutson  dam  at  the  outlet  of  Cass  Lake 
within  the  flowage  area  of  Winnibigoshish  Reservoir.  This  dam  was 
constructed  in  1928  and  has  been  operated  since  by  the  Forest  Service. 

Its  operation  normally  maintains  Cass  Lake  and  its  tributaries  at  a 
higher  elevation  than  Winnibigoshish,  for  the  purpose  of  providing 
desirable  levels  in  Cass  Lake  and  along  its  shore. 

V 

The  Mississippi  River  for  some  distance  below  Winnibigoshish  Reservoir, 
and  the  Leech  Lake  River  below  Leech  Reservoir,  have  been  improved  bv 
the  government  of  the  United  States,  and  easements  along  these  streams 
have  been  acquired,  so  that  water  may  be  released  from  these  reservoirs 
in  greater  quantities  without  causing  overbank  flow  than  could  be 
released  when  the  streams  were  in  their  natural  condition.  The  ease¬ 
ments  also  entitle  the  government  to  discharge  water  from  those  reservoirs 
in  excess  of  the  capacities  of  the  channels  downstream,  within  the  limits 
of  the  easements. 
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Since  completion  of  the  above  named  reservoirs,  a  series  of  locks  and 
dams  has  been  completed  by  the  government  of  the  United  States  in  the 
Mississippi  Ri  ver  below  St.  Anthony  Falls  in  Minneapolis  so  that  the 
need  for  the  release  of  water  from  these  reservoirs  to  maintain  navi¬ 
gable  depth  in  the  Mississippi  at  Minneapolis  and  farther  downstream 
is  greatly  reduced.  The  limited  navigation  on  the  Mississippi  above 
Minneapolis  that  was  formerly  benefited  by  release  of  reservoir  water 
has  now  disappeared  so  that  the  need  to  release  water  for  this  upper 
river  navigation  no  longer  exists.  A  navigation  lock  is  under  con¬ 
struction  by  the  government  of  the  United  States  at  St.  Anthony  Falls, 
and  will  soon  be  completed,  so  that  large  river  craft  will  be  able  to 
navigate  the  Mississippi  River  above  St.  Anthony  Falls  within  the 
corporate  limits  of  the  City  of  Minneapolis.  It  is  possible  that 
release  of  water  from  the  reservoirs  may  be  needed  in  the  future  to 
operate  the  locks  at  St.  Anthony  Falls  and  farther  downstream  and  to 
aid  navigation  in  other  ways. 

VII 

The  dams  at  the  outlet  of  the  reservoirs  have  been  operated  by  the 
Corps  of  Engineers  to  reduce  flooding  along  the  Mississippi,  Leech 
Lake,  Sandy,  Gull  and  Pine  Rivers.  The  need  for  flood  storage  in  the 
reservoirs  to  decrease  flood  flows  in  the  Mississippi  River  at  Aitkin 
has  been  reduced  by  construction  of  a  diversion  channel  near  Aitkin. 
Nevertheless,  the  need  remains  for  regulation  of  reservoir  levels  and 
discharges  so  as  to  minimize  flooding,  insofar  as  practicable. 

VIII 

Flow  of  water  in  the  Leech  Lake  River  below  Leech  Reservoir  has  been 
modified  by  construction  of  a  dam  in  the  river  at  the  outlet  of  Mud 
and  Goose  Lakes.  The  dam  was  originally  built  and  has  been  recon¬ 
structed  in  recent  years  by  the  Minnesota  Department  of  Conservation. 
The  dam  maintains  desirable  water  levels  for  game  and  fish  and  wild¬ 
life  resources  and  reduces  the  adverse  effect  on  these  resources  of 
variations  in  the  rate  of  release  of  water  from  Leech  Reservoir. 

IX 

Water  is  obtained  from  the  Mississippi  River  for  municipal  water 
supply  and  for  distribution  to  suburbs  by  the  cities  of  Minneapolis 
and  St.  Paul.  Normally,  the  river  flow  is  adequate  for  municipal 
water  supply  for  these  cities.  River  discharge  at  the  St.  Paul  water 
system  intake  on  the  Mississippi  River  at  Fridley  has  fallen  as  low 
as  586  cubic  feet  per  second.  It  is  estimated  that  by  1980  a  minimum 
flow  of  660  cubic  feet  per  second  in  the  Mississippi  River  at  the 
Minneapolis  water  intake  will  be  necessary  to  supply  the  needs  of 
Minneapolis  and  the  suburbs  that  obtain  their  water  from  Minneapolis. 
Needs  of  the  City  of  St.  Paul  and  operating  requirements  of  the  lock 
and  dam  at  St.  Anthony  Falls,  will  necessitate  a  minimum  flow  at  this 
point  of  1,000  cubic  feet  per  second. 


X 


Water  is  obtained  from  the  Mississippi  River  for  municipal  water 
suppLy  by  the  City  of  St.  Cloud.  It  is  probable  that  river  flow  will 
continue  to  be  sufficient  for  the  needs  of  this  municipality. 

XI 

All  Minnesota  municipalities  located  along  the  Mississippi  River  and 
having  municipal  sewage  disposal  facilities  discharge  sewage  treatment 
plant  effluent  or  untreated  sewage  into  the  Mississippi  River.  The 
most  populous  of  these  municipalities  are  Minneapolis  and  St.  Paul 
and  their  suburbs.  Studies  made  by  the  Minneapolis-St .  Paul  Sanitary 
district  show  that  with  probable  population  increases  in  the  urban  area 
served  by  the  district  it  will  not  be  possible  at  all  times  to  main¬ 
tain  the  river  in  satisfactory  sanitary  condition  below  the  sewage 
treatment  plant  outlet  without  augmentation  of  low  river  flows,  even 
if  there  is  the  best  possible  treatment  of  the  sewage.  River  flows 
required  for  satisfactory  sanitary  conditions  in  the  river  need  not 
be  as  great  at  the  less  populous  municipalities  but  there  may  be 
occasions  when  increased  dilution  of  sewage  disposal  system  effluent 
will  be  desirable. 


XII 

Water  power  is  developed  at  several  locations  along  the  Mississippi 
River  below  the  reservoirs.  Water  power  is  valuable  for  the  produc¬ 
tion  of  paper  by  the  Blandin  Paper  Company  at  Grand  Rapids.  The  power 
production  facilities  at  this  plant  are  capable  of  utilizing  up  to 
1,700  cubic  feet  per  second  in  the  production  of  water  power.  Other 
power  plants  are  located  at  Little  Falls,  Royalton,  Sartell,  Coon 
Rapids,  St.  Anthony  Falls,  and  St.  Paul.  These  plants  all  benefit 
from  reliable  streamflow. 

XIII 

Mississippi  River  water  is  used  at  several  locations  for  condenser 
cooling  water  by  steam-electric  power  producers.  The  Minnesota  Power 
and  Light  Company  desires  the  maintenance  of  a  minimum  stage  of  6.0 
for  its  Clay  Boswell  plant  located  on  Pokegama  Reservoir,  and  a  minimum 
discharge  of  200  cubic  feet  per  second  through  Pokegama  dam.  Mississippi 
River  water  is  used  for  condenser  cooling  water  at  four  steam-electric 
generating  plants  in  the  Twin  Cities  area. 

XIV 

The  reservoirs  and  the  reservoir  shores  are  used  by  many  people  for 
recreational  activities  including  fishing,  boating,  camping  and 
picnicking.  There  are  numerous  resorts,  cottages  and  homes  along  the 
shores.  This  use  of  the  reservoirs  has  a  very  substantial  effect  on 
the  economy  of  this  region  of  Minnesota. 
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Production  of  game,  fish  and  wild  rice  along  the  Mississippi  and  Leech 
Lake  Rivers  upstream  from  Pokegama  Reservoir  is  affected  by  the  release 
of  water  from  Winnibigoshish  and  Leech  Reservoirs,  through  the  effect 
of  such  release  on  the  stage  of  the  rivers  downstream  from  the  reservoirs. 
Heavy  release  causes  the  drowning  out  of  muskrat  houses,  winter  habitat 
and  feed  supply,  and  variation  in  river  stage  may  cause  the  destruction 
of  wild  rice  plants. 


There  is  a  substantial  commercial  production  of  wild  rice  in  the 
reservoirs.  This  production  may  be  adversely  affected  by  variations 
in  reservoir  stage. 

XVII 

The  shorelines  of  Leech  and  Winnibigoshish  Reservoirs  are  composed  of 
erodible  soil  and  have  been  damaged  by  wind-driven  waves,  necessitating 
the  construction  of  shore  protection  works. 

XVIII 

The  operation  of  the  reservoirs  has  been  modified  from  time  to  time 
by  the  Corps  of  Engineers  in  recognition  of  the  diminished  needs  for 
release  of  water  for  navigation,  and  in  recognition  of  the  increased 
importance  of  recreation,  game  and  fish  production,  and  wild  rice 
production.  The  present  plan  of  operation,  which  has  been  in  effect 
for  many  years,  provides  for  the  following  ranges  of  levels: 


Ordinary  Stage  Ordinary  Ordinary 

Limits,  Present  Summer  Stage  Spring  Stage 

Reservoir  Operation _  Present  Operation  Present  Operation 


Winnibigoshish 

12.0  - 

8.0 

10.5  - 

10.0 

8.0 

Leech 

3.0  - 

0.5 

2.2  - 

1.8 

0.5 

Pokegama 

10.0  - 

6.0 

9.25  - 

8.75 

6.0 

Sandy 

11.0  - 

7.0 

9.25  - 

8.75 

7.0 

Pine 

14.0  - 

11.0 

13.25  - 

12.75 

11.0 

Gull 

7.0  - 

5.0 

6.25  - 

6.0 

5.0 

XIX 


The  need  has  occurred  in  the  past  and  will  continue  to  occur  in  the 
future  for  retention  of  water  in  and  release  of  water  from  the  reservoirs 
for  navigation,  flood  control,  agriculture,  forestry,  game  and  fish, 
industry,  municipal  water  supply  and  sewage  disposal,  power  generation, 
and  other  purposes  and  for  emergency  conditions  in  the  Mississippi 
River  headwaters  and  downstream.  It  is  necessary  that  sufficient  water 
be  stored  in  the  reservoir  to  meet  these  needs  when  they  arise. 


XX 


The  need  has  occurred  in  the  past  and  will  continue  in  the  future  for 
the  maintenance  of  desirable  levels  in  the  reservoirs  for  wildlife 
resources,  wild  rice  production,  recreational  activities,  resort 
operation,  and  game  and  fish  production. 

Upon  the  foregoing  findings  of  fact,  the  Commissioner  of  Conserva¬ 
tion  makes  the  following 


CONCLUSIONS 

I 

That  the  plan  formulated  by  the  Commissioner  of  Conservation  for  the 
operation  of  the  dams  controlling  each  of  the  above  named  reservoirs, 
as  presented  in  the  following  Order,  complies  with  the  requirements  of 
Minnesota  Statutes  1961,  Sections  110.49  and  110.50. 

Upon  the  foregoing  findings  of  fact  and  conclusions,  the  Commissioner 
of  Conservation  makes  the  following 

ORDER 

I 

The  following  plan  for  the  operation  of  the  dams  controlling  the 
reservoirs  formed  by  the  headwater  lakes  of  the  Mississippi  River, 
including  Leech  Lake,  Winnibigoshish  Lake,  Pokegama  Lake,  Pine  River 
(the  Whitefish  Chain),  Sandy  Lake,  and  Gull  Lake  is  hereby  determined 
upon  as  the  plan  to  be  put  into  effect  pursuant  to  Minnesota  Statutes, 
1961,  Section  110.51. 

1.  The  minimum  stage  basically  recognized  for  each  reservoir, 
and  the  maximum  stage  for  each  reservoir  that  shall  not  be  exceeded 
insofar  as  practicable  in  providing  reasonable  fluctuations  for  the 
production  of  wild  rice,  for  the  production  and  maintenance  of  wild¬ 
life  resources  and  for  the  water  needs  for  recreation,  agriculture, 
forestry,  game  and  fish,  industry,  municipal  water  supply  and  sewage 
disposal,  power  generation  and  other  purposes;  and  the  most  desirable 
height  for  each  reservoir  during  the  recreational  season,  all  shall 
be  as  shown  in  Table  A. 


TABLE  A 


Most 

Minimum  Stage 

Maximum  Stage 

Desirable 

Basically  Re¬ 

Insofar  as  Pr, 

Height  Feet 

cognized  Feet 

able  Feet 

Winnibigoshish 

10.25 

6.0 

12.0 

Leech 

2.0 

0.0 

3.5 

Pokegama 

9.00 

6.0 

12.0 

Sandy 

9.0 

7.0 

11.0 

Pine 

13.0 

9.0 

14.0 

Gull 

6.1 

5.0 

7.0 
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2.  When  a  reservoir  stage  is  at  the  minimum  stage  basically 
recognized  for  that  reservoir,  the  maximum  discharge  shall  not  exceed 
the  value  shown  in  Table  B.  Further  limitations  on  discharge  at  stages 
lower  than  the  minimum  basically  recognized  are  provided  in  this  order 
in  Table  D. 


TABLE  B 


Minimum  Stage 

Maximum  Discharge 

Basically  Re¬ 

Cubic  Feet 

cognized  Feet 

Per  Second 

Winnibigoshish 

6.0 

900 

Leech 

0.0 

150 

Pokegama 

See  special 

provision  below 

Sandy 

7.0 

200 

Pine 

9.0 

100 

Gull 

5.0 

100 

3.  When  a 

reservoir  stage  is  above 

the  maximum  stage  that 

not  be  exceeded 

insofar  as  practicable, 

the  discharge  shall  not  i 

the  value  tabulated  in  Table  C. 

TABLE  C 

Maximum  Stage 

Maximum  Discharge 

Insofar  as  Prac¬ 

Cubic  Feet  Per 

ticable  Feet 

Second 

Winnibigoshish 

12.0 

4,500 

Leech 

3.5 

1,700 

Pokegama 

12.0 

5,500 

Sandy 

11.0 

3,800 

Pine 

14.0 

2,500 

Gull 

7.0 

1,400 

4.  The  following  special  provision 

shall  apply  to  Pokegama 

Reservoir : 


a.  The  minimum  stage  basically  recognized  shall  be  6.0  feet. 
When  the  stage  is  below  6.0,  the  discharge  shall  not  exceed  200 
cubic  feet  per  second  except  when  water  is  being  released  from 
either  Winnibigoshish  Reservoir  or  Leech  Reservoir  or  both  for 
navigation,  flood  control,  industry,  municipal  water  supply  and 
sewage  disposal,  power  generation  and  other  purposes.  Further¬ 
more,  if  the  stage  of  Pokegama  Reservoir  is  below  6.0  or  any 
other  desired  stage,  the  discharge  shall  be  regulated  ordinarily 
so  that  it  is  not  greater  than  the  sum  of  the  discharges  from 
Winnibigoshish  Reservoir  and  Leech  Reservoir,  when  the  discharge 
is  not  over  100  cubic  feet  per  second  from  each.  When  discharges 
from  Winnibigoshish  Reservoir  or  Leech  Reservoir  or  both  are 
increased  to  provide  greater  flows  for  navigation,  flood  control, 
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industry,  municipal  water  supply  and  sewage  disposal,  power 
generation  and  other  purposes,  the  discharge  from  Pokegama  Reser¬ 
voir  may  be  increased  at  the  same  time  or  shortly  thereafter  to 
a  flow  not  greater  than  the  sum  of  the  discharges  from  Winnibigoshish 
Reservoir  and  Leech  Reservoir,  if  Pokegama  Reservoir  is  at  a 
stage  below  6,0  or  below  a  desired  stage  higher  than  6.0,  When 
Pokegama  Reservoir  is  at  a  stage  higher  than  the  stage  then 
desired,  the  discharge  need  not  be  limited  by  the  discharges 
from  Winnibigoshish  and  Leech  Reservoir. 


b.  When  Pokegama  Reservoir  is  not  being  regulated  to  release 
water  for  industry,  municipal  water  supply  and  sewage  disposal, 
power  generation  and  other  purposes  under  authorization  by  the 
Commissioner  of  Conservation,  in  accordance  with  the  general  and 
special  provisions  above,  and  is  not  being  regulated  by  the  Corps 
of  Engineers  for  navigation  or  flood  control,  the  discharges  shall 
be  regulated  to  provide  the  most  desirable  height  for  this  reser¬ 
voir  or  slightly  higher  or  lower  stages  most  desirable  for  fish, 
game,  wildlife,  wild  rice  and  recreational  purposes,  as  recommended 
by  the  Division  of  Game  and  Fish,  Minnesota  Department  of  Conser¬ 
vation,  through  the  Division  of  Waters. 


5.  Winnibigoshish,  Leech,  Sandy,  Pine  and  Gull  Reservoirs  shall 
be  operated  at  all  times  for  the  primary  purposes  of  navigation  and 
flood  control  and  stages  and  discharges  shall  be  regulated  accordingly, 
but  when  storage  or  release  of  water  is  not  required  for  these  purposes, 
the  limitations  in  Tables  A,  B,  C  and  D  relating  to  stage  and  discharge 
for  these  reservoirs  shall  apply  and  regulation  shall  be  such  that  the 
water  will  be  at  or  near  the  most  desirable  height  during  the  desired 
period  insofar  as  practicable,  except  when  discharges  must  be  made  to 
meet  the  water  needs  for  recreation,  agriculture,  forestry,  game  and 
fish,  industry,  municipal  water  supply  and  sewage  disposal,  power 
generation  and  other  purposes. 


6.  In  operating  Winnibigoshish,  Leech,  Sandy,  Pine  and  Gull 
Reservoirs  in  accordance  with  the  above  plan  the  discharges  shall  be 
regulated  ordinarily  so  that  the  discharge  for  each  reservoir  is  the 
value  shown  in  Table  D  when  the  reservoir  stages  are  in  the  tabulated 
stage  range. 


TABLE  D 


Reservoir 

Winnibigoshish 

Leech 


Stage  Range 
At  Or  Above 

6.0 

0.0 


Be  low 

6.0 

8.0  or  10.25* 

0.0 

0.5  or  2.0* 
7.0 
9.0** 


Discharge 
Cubic  Feet  Per 
Second 


50 

100 

50 

1 

10 

20 


Sandy 


7.0 


*The  higher  or  lower  of  these  two  stages  will  govern,  depending  on 
which  is  the  desired  stage  at  the  time  under  consideration. 

**or  other  desired  stage. 


7.  When  greater  flows  than  are  tabulated  in  Table  D  are  required  j 

from  one  or  more  reservoirs  for  industry,  municipal  water  supply  and 
sewage  disposal,  power  generation  and  other  purposes,  the  discharge 

may  be  increased  if  authorized  by  the  Commissioner,  but  shall  not  exceed  < 

the  value  shown  in  Table  E  opposite  the  then  prevailing  stage  for  each 
reservoir  from  which  water  is  to  be  released.  When  there  is  a  great 

increase  in  discharge  for  any  stage  shown  in  the  table  for  any  reservoir  ^ 

over  the  discharge  for  the  next  lower  tabulated  stage,  the  release  of 
water  for  these  purposes  shall  not  be  at  a  rate  greater  than  a  discharge 

limit  calculated  by  proportion  for  the  prevailing  stage,  between  the  1 

tabulated  discharge  at  the  upper  limit  of  the  range  in  which  the  pre¬ 
vailing  stage  occurs  and  the  tabulated  discharge  at  the  lower  limit  of 
that  range.  Increased  discharges  from  Pokegama  Reservoir  for  these 
purposes  will  be  governed  by  the  special  provisions  above  for  that 
reservoir. 

TABLE  E 


WINNIBIGOSHISH 
Gage  Datum 
Stage,  Feet 

:  RESERVOIR 

Discharge 

Cu.  Ft.  per  Sec. 

LEECH  RESERVOIR 

Gage  Datum  Discharge 

Stage,  Feet  Cu.  Ft.  per  Sec 

1.0 

50 

-1.0 

50 

2.0 

100 

-0.5 

100 

3.0 

300 

0.0 

150 

4.0 

500 

0.5 

200 

5.0 

700 

1.0 

400 

6.0 

900 

1.5 

600 

7.0 

1100 

2.0* 

1100 

8.0 

2100 

2.5 

1400 

9.0 

3100 

3.0 

1500 

10.0 

4500 

3.5 

1600 

10.25* 

4500 

4.0 

1700 

over  10.25 

4500 

over  4.0 

1700 

*Most  desirable  stage  for  recreational  purposes. 


SANDY  RESERVOIR 

PINE  RESERVOIR 

Gage  Datum  Discharge 

Gage  Datum 

Discharge 

Stage,  Feet  Cu,  Ft.  per  Sec.  Stage,  Feet _ Cu ,  Ft .  per  Sec . 


0.0 

10 

1.0 

15 

1.0 

20 

2.0 

30 

2.0 

40 

3.0 

40 

3.0 

60 

4.0 

50 

4.0 

80 

5.0 

60 

5.0 

100 

6.0 

70 

6.0 

150 

7.0 

80 

7.0 

200 

8.0 

90 

8.0 

400 

9.0 

100 

9.0* 

1400 

10.0 

200 

10.0 

2400 

11.0 

300 

11.0 

3800 

12.0 

400 

over  11.0 

3800 

13.0* 

500 

14.0 

2500 

over  14.0 

2500 

*Most  desirable 

stage  for 

recreational  purposes. 

GULL 

Gage 

Stag 

RESERVOIR 
Datum 
e.  Feet 

Discharge 

Cu.  Ft.  per  Sec 

3.0 

10 

3.5 

20 

4.0 

40 

4.5 

bO 

5.0 

100 

5.5 

200 

6.0 

6.1* 

400 

6.5 

60(i 

7.0 

1000 

7.5 

1400 

*Most  desirable  stage  for  recreational  purposes. 


8.  UnLess  discharge  of  water  is  needed  for  flood  control  or 
navigation,  discharges  from  any  reservoir  shall  not  exceed  the  values 
in  Table  D,  if  the  prevailing  reservoir  stage  is  within  the  range 
shown  in  Table  D,  except  upon  written  application  to  the  Commissioner 
of  Conservation  by  a  representative  of  a  public  corporation,  of  a 
political  or  governmental  subdivision  of  the  State  ol  Minnesota  or  by 
an  industry  or  power  producer  or  by  an  individual.  The  application 
shall  be  considered  only  if  the  public  corporatioi. ,  political  sub¬ 
division,  industry,  power  producer,  or  individual  owns  or  leases  land 
riparian  to  the  Mississippi  within  the  State  of  Minnesota  or  riparian 
to  a  reservoir  outlet  stream,  or  is  located  adjacent  to  the  Mississipp 
River  or  to  a  reservoir  outlet  stream  within  the  State. 


.  Discharges  Iron;  Leech  Reservoir  in  excess  of  tile-  values  in 
fable  I),  ii  tlie  prevailing  reservoir  stage  is  within  the  range  shown 
in  Table-  D,  shall  be*  made  bear  industry,  municipal  water  supply  and 
sewage  disposal,  power  generation  and  other  purposes  only  when  dis¬ 
charge  i rom  Winnibigoshish  Reservoir  is  limited  because  of  its  stage 
to  Less  than  the  total  discharge  authorized  hv  the  Commissioner  for 
these  purposes,  unless  the  use  for  which  the  release  is  authorized 
will  he  made  along  the  Leech  Lake  River. 

1>>.  Discharges  from  Sandy,  Pine  and  Gull  Reservoirs  in  excess  of 
t he  values  in  Table  I),  if  the  prevailing  reservoir  stage  is  within 
the  range  shown  in  Table  D,  shall  be  made  for  industry,  municipal 
water  supplv  and  sewage  disposal,  power  generation  and  other  purposes 
only  when  discharged  from  Winnibigoshish  and  Leech  Reservoirs  is 
limited  Because  of  their  stages  to  less  than  the  tota  l  discharge 
author i  .:ed  by  the  Commissioner  for  these  purposes,  unless  the  use  tor 
which  the  release  is  authorized  is  along  the  Sandy  River,  the  Pine- 
River,  or  the  Gull  River. 

!!.  An  application  for  release  of  water  for  industry,  municipal 
water  supply  and  sewage  disposal,  power  generation  and  other  purposes 
-.ay  he  granted  or  denied  hv  the  Commissioner,  or  the  release  oi  water 
in  rt-spi-i.'i  to  the  application,  but  in  lessor  quantity  than  requested, 
-'.av  bo  authorized.  His  action  is  response  to  such  an  application 
-■hall  depend  upon  the  urgenev  of  the  need  for  water.  The  needs  and 
rights  of  other  water  users  and  proper t\  owners  along  the  river,  and 
tile  current  situation  of  recreational  interests,  and  came  and  fish  and 
wild  rice  needs,  and  due  consideration  -hall  be  given  to  the  minimum 
stages  basically  recognized  as  set  forth  in  Table  A.  The  quantity  of 
water  to  be  released  irom  each  reservoir  shall  be  coordinated  with 
quantities  to  be  released  from  cither  reservoirs  to  make  up  the  total 
authorized  release  of  water 

Id.  Hxcept  when  the  release  of  water  i or  industry,  municipal 
water  supply  and  sewage  disposal,  power  generation  and  other  purposes 
is  authorized  by  the  Commissioner  of  Conservation  or  the  reservoirs 
arc  being  regulated  by  the  Corps  of  Engineers  for  navigation  or  flood 
control,  the  discharges  shall  be  regulated  to  provide  the  most  desirable 
height  for  each  reservoir  or  slightly  higher  or  lower  stages  most 
desirable  for  fish,  game,  wildlife,  wild  rice  and  recreational  purposes, 
as  recommended  h  the  Division  oi  Game  and  Fish,  Minnesota  Department 
oi  Conservation,  tuiough  the  Division  of  Waters.  When  the  stage  in 
any  reservoir  is  above  such  recommended  height  and  regulation  is 
directed  toward  providing  the  recommended  height,  the  discharge  from 
that  reservoir  shall  not  exceed  the  tabulated  discharge  shown  in 
Tabic  K  for  the  stage  then  prevailing  in  that  reservoir 

13.  The  Division  of  (fame  and  Fish  recommendations  for  operating 
i.ach  reservoir  will  be  kept  on  file  in  the  offices  of  the  Department 
of  Conservation  These  recommendations  will  be  subject  to  change 
from  time  to  time  in  accordance  with  conditions  in  and  near  the 
reservoirs  and  outlet  streams. 


Dated  at  St.  Paul,  Minnesota,  this  19th  day  of  April,  1963. 


/s/  Clarence  Prout _ 

Clarence  Prout 

Commissioner  of  Conservation 
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sf-'Sr’Ii'N  UWS  OK  MINNF.SOT  A  FOR  i  <t- 1 


♦ 

iHAPTFK  .  <--S.F.  N.  .  v. 
( Coue-.i  » 


An  At  t  re  lat  :  :ig  t  .■  t  'it  ri  g.i  i  -it  i  :i  in  -  ■•i!i  i  o:  watir  elcv.it  ions  and 
tor  determining  .uitnoi  i  :  :  i  -  ,  h.irgt  •  :  :  •  >■  t  hi  Ht  .nivati  r  lakes  ot  the 

Mississippi  River,  i  n,  biding  l.t  e,  i  Lake.  W  ,  nn  j  h  i  g  osn  i  sh  Lake,  Pokegama 
Lake,  Pine  R  i  Vi  r  (  the  Wh  :  1 1  i  :  -h  Chain.*,  S  iivh  Lake,  and  Cull  Lake. 

Be  it  enacted  hv  t  tu  i.eei  lat  n>  o:  th,  s  t .» t  <  Mi  nm-Mita : 

Sta  t  i  tip.  1  .  (  1  1 1  i .  .  7  )  Hi.idwjtet  iakt  -  Mississippi,  reason  lor 

control.  It  i  the  ,  on-,  i  <ier.  «!  judcm,  r.t  o»  tin.  Legislature  o ;  the  State 

ot  Minnesota  that  the  regulation,  control,  and  utilisation  ot  waters 
in  the  Headwater  lakes  in  the  Mississippi  River,  im  hiding  Leech  Lake, 
Winnibi  gosli  i  sh  Lake,  Pokegana  hike.  Pi  m  Ktva  ( the  Whititi-h  i.hami, 
Sandy  Lake,  iiul  Cull  hike  art  o:  t  re  r.n  ndois-  ,  c  on«>ni .  import. me  c  ant: 
value  to  the  State  ot  Minnesota.  [t  ;s  tut  tin  i  ttu  ■  ons  idered  •  ..dement 

of  the  Legislature  of  Minnesota  that  tin  utilitc  oi  these  lakes  in  aid 

of  navigation  has  been  verv  great  Iv  dimi  in  -In  d  sin,,  tin  time  ot  tin 

estah  l  i  shnont  ot  the  reservoirs,  and  that  tin  «  ,  enovti.  value-  m 

utilization  of  these  waters  for  State  purpose-  ii.,-  i  n,  r  eased  tremen¬ 
dously.  Those  factors  require  the  assertion  on  t An*  part  of  tin  State 
of  Minnesota  of  its  rights  to  utilization  and  tontrnl  t  tin  water 
a  reas . 

Section  2.  (110,48)  Joint  Federa  1 -Si  at ,  sntis'l  .  Tin  forris-i  uier 

of  Conservation  is  authorized  and  directe  d  to  inter  into  i  oopir.it  iv, 
agreements  with  the  Uni  ed  States  of  America  acting  through  the  Ik  part - 
ment  of  the  Army  for  the  joint  control  and  regulation  oi  these  rc  servoi rs 
within  the  principles  hereinafter  proscribed  so  as  to  ,  ttVctuate  control 
of  the  water  elevations  and  the  water  discharges  t  rom  these  lakes  in  the 
interests  of  the  State  of  Minnesota,  subject  only  to  anv  paramount  need 
of  waters  from  these  sources  in  aid  of  substantial  navigation  require¬ 
ments,  and  subject  further  to  any  substantial  requirement  of  providing 
necessary  flood  control  storage  capacity  as  determined  by  the  Corps  of 
Army  Engineers. 

Section  3.  (110.49)  Plan  for  dam  operation.  The  Commissioner 

of  Conservation  is  herobv  authorized  and  directed  to  formulate  a  plan 
for  the  operation  of  the  dams  controlling  each  of  the  reservoirs  here¬ 
inabove  named  which  will: 

(a)  Seek  to  establish  the  water  elevation  on  each  of  the 
lakes  at  the  most  desirable  height,  and  to  stabilize  the  stages 
at  that  point,  insofar  as  practicable,  during  the  recreational 
season  in  Minnesota: 

(b)  Give  due  consideration  to  providing  for  any  reasonable 
fluctuations  when  desirable  for  the  production  ot  wild  rice  in  the 
wiLd  rice  producing  areas  of  these  lakes; 
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(i  )  l  iKi  aiamni  the  elevations  most  desirable  for  the 

pr  .uiiit  t  :  on  and  i  n  t  eiianc  e  n|  wil.ilile  resouri  t-s  ; 

(  :  >  t:  vi'  :ae  >!i  :d<  ration  to  needs  o:  water  tor  recreation, 
.  !  t  ut .  .  ■ :  «  - 1 1  .  .  .  r  :•  old  t  ;  so  ,  indust  rv,  nunic  i  pa  1  water 

supp  i  \  mu  st  uo  ! ,  -  p  a  1  .  powt  t  vein-rat  ion,  and  other  purposes 
in  tin  M  :  >  -  .  pp  i  K:v.  i  ih  a.iw.iti  r  .  and  di'wus  t  rear, ; 

l'"1  l  tolish  stace-  at  wh :  .  h  the  water  shall  be  maintained 
s'  tar  i  pr  i  .  t  -  i!>  It  .  ait  t'asi.allv  i  et  .  xn  i  /  i  ng  the  following 
"tint:.-.'.  :  «..•  in  i  :  •  r  etn  e  t  pit-.nl  .-i*;  .>>  on  the  respective 

G '  ve r  nmen t  ca  ■  ice  s  : 


1  •  i  .  hast  U.  II 

.v  .  I  11  :  ■'  ■  1  v  •  ■  s  1 1  1.  s  ;  t  Lai  i '  .  0 

i'  ml.lf.i  Lit*.  (t  ,  0 

'■and ■,  Lik e  7.0 

!’  *  in  K.ver  4.0 

i .  .  1  .  '  .a  V  .  5  .  0 


i  t  >  i  .  •  li  x :  •  nn  d  l  s.  ha  tge  at  anv  tine  tile  elevations 

:  i  l  I  ’’e  1  ’i  -inf  ■■  I  io  ■  ; 

ul  I’les  lint  maximum  elevations  and  amounts  of  discharge 
iron'  oath  lake  -o  as  best  to  stabili.te  and  ettectuate  the  desired 
stages.  Iijsoi.u  as  practicable,  the  tol Lowing  maximum  lake  stages 
si. a  l  1  not  be  exceeded  ; 


i.eec  h  Lake 

J.5 

W i nn i b i gosh i sh  Like 

12.0 

l’okegama  Like 

12.0 

Sandv  Like 

1 1 .0 

Pine  River 

14.0 

Gull  Like 

7.0 

Section  4.  (1 1(1.30)  Potentials  comprehended  by  plan.  The  plan 

devised  by  the  Comm i s s i one r  shall  comprehend  the  following  potentials: 

(a)  The  necessity  for  changing  discharges  to  meet  any 
emergencies  resulting  t rom  unexpected  or  abnormal  inflows; 

(h)  The  possibility  of  overriding  requirements  of  the  Federal 
Government  lor  substantial  discharges  to  meet  reasonable  and 
substantial  navigation  requirements; 

(c)  The  overriding  authority  and  needs  as  prescribed  by  the 
Army  Engineers  in  discharging  their  (unctions  of  requiring 
additional  storage  capacity  for  flood  control  purposes. 

Section  5.  (110.51)  Notice  of  plan;  hearing.  Before  the  plan 

of  operation  for  any  Headwater  lake  is  put  into  effect  the  Commissioner 
shall  publish  a  notice  of  hearing  upon  said  plan  for  two  weeks  in  a 
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newspaper  in  each  County  in  which  the  water  areas  to  be  affected  lie. 

The  hearing  shall  be  conducted  by  the  Commissioner  or  his  duly  appointed 
referee.  All  interested  parties  shall  have  an  opportunity  to  be  heard, 
shall  testify  under  oath,  and  shall  be  subject  to  cross  examination  by 
any  adverse  parties,  and  by  the  Attorney  General,  or  his  representative, 
who  shall  represent  the  Commissioner  at  said  hearing.  The  hearing  will 
not  be  governed  by  legal  rules  of  evidence,  but  the  findings  of  fact 
and  orders,  to  be  made  and  formulated  by  the  Commissioner,  shall  be 
predicted  only  upon  relevant  material,  and  competent  evidence.  The 
findings  of  fact  and  orders  incorporating  the  plan  determined  upon  by 
the  Commissioner  shall  be  published  for  two  weeks  in  the  same  manner 
as  the  notice  of  hearing  was  published. 

Section  6.  (110.52)  Appea 1 .  Any  riparian  landowner  or  water 

user  aggrieved  by  such  findings  shall  have  the  right  to  appeal  within 
30  days  of  the  completion  of  publication  to  the  district  court  of  any 
County  in  which  the  regulated  water  lies,  which  appeal  shall  be 
determined  by  the  court  on  the  record  made  before  the  Commissioner  of 
Conservation.  Issues  on  any  such  appeal  shall  be  the  legal  rights  of 
the  parties  and  the  further  question  as  to  whether  the  findings  of 
the  Commissioner  are  reasonably  supported  by  the  evidence  adduced  at 
the  hearing. 

Section  7.  (110.53)  Modi fication.  It  is  recognized  that  experi¬ 

ence  may  require  changes  in  the  elevations  sought  to  be  maintained  on 
each  of  the  Headwater  lakes.  Consequently,  once  a  plan  has  been  put 
into  effect,  the  Commissioner  is  authorized  to  modify  the  stages  sought 
to  be  maintained  by  modifying  his  plan  with  respect  to  any  of  the  lakes 
involved  to  the  extent  of  one  foot  in  elevation  according  to  the  zeros 
of  the  present  Government  gauges  without  the  necessity  of  further  or 
additional  hearings;  provided  that  in  no  event  shall  any  departure  from 
the  elevation  target  be  made  so  as  to  reduce  any  proposed  stages  below 
the  minimums  prescribed  by  Section  3  (d)  during  the  recreational  season. 
Any  modification  of  the  plan  established  subsequent  to  the  hearings 
herein  provided  which  departs  by  more  than  one  foot  in  elevation  shall 
be  placed  into  effect  only  upon  further  hearing  proceeding  upon  the 
same  formalities  as  the  hearing  hereinabove  prescribed. 

Approved  April  20,  196 L. 
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PLAN  OF  OPERATION  FOR  WINNIBIGOSHISH  RESERVOIR 
IN  ACCORDANCE  WITH  LAWS  OF  1961,  CHAPTER  459 

STATE  OF  MINNESOTA 

The  most  desirable  height  for  this  reservoir  during  the  recreational 
season  shall  be  a  gauge  height  of  10.25  feet.  In  providing  reasonable 
fluctuations  for  the  production  of  wild  rice,  for  the  production  and 
maintenance  of  wildlife  resources,  and  for  the  water  needs  for  recrea¬ 
tion,  agriculture,  forestry,  game  and  fish,  industry,  municipal  water 
supply  and  sewage  disposal,  power  generation  and  other  purposes,  the 
minimum  stage  basically  recognized  shall  be  6.0  and,  insofar  as  prac¬ 
ticable  and  maximum  stage  12.0  shall  not  be  exceeded. 

When  the  stage  is  below  6.0,  the  maximum  discharge  shall  not  exceed 
the  tabulated  value  for  the  prevailing  stage.  Even  through  the  stage 
is  above  12.0,  the  maximum  discharge  shall  not  exceed  4,500  cubic  feet 
per  second. 

The  reservoir  shall  be  operated  at  all  times  for  its  primary  purposes 
of  navigation  and  flood  control  and  stages  and  discharges  shall  be 
regulated  accordingly,  but  when  storage  or  release  of  water  is  not 
required  for  these  purposes,  the  above  limitations  shall  apply  and 
regulation  shall  be  such  that  the  water  will  be  at  or  near  the  most 
desirable  height  during  the  desired  period,  insofar  as  practicable, 
except  when  discharges  must  be  made  to  meet  the  water  needs  for  recrea¬ 
tion,  agriculture,  forestry,  game  and  fish,  industry,  municipal  water 
supply  and  sewage  disposal,  power  generation  and  other  purposes. 

In  operating  the  reservoir  in  accordance  with  the  above  plan,  the  dis¬ 
charge  shaLl  be  regulated  ordinarily  so  that  discharge  is  50  cubic  feet 
per  second  when  the  reservoir  stage  is  below  6.0  and  so  that  the  dis¬ 
charge  is  100  cubic  feet  per  second  when  the  reservoir  is  above  6.0 
but  below  8.0  or  10.25  at  times  when  it  is  desired  that  the  reservoir 
be  at  these  stages.  When  greater  flows  are  required  for  industry, 
municipal  water  supply  and  sewage  disposal,  power  generation  and  other 
purposes,  the  discharge  may  be  increased  if  authorized  by  the  Commis¬ 
sioner  but  shall  not  exceed  the  tabulated  value  opposite  the  prevailing 
reservoir  stage. 


Gauge  Datum 
Stage,  Feet 

Discharge,  Cubic 

Feet  Per  Second 

Gauge  Datum 
Stage,  Feet 

Discharge,  Cubic 
Feet  Per  Second 

1.0 

50 

9.0 

3100 

2.0 

100 

10.0 

4500 

3.0 

300 

10.25* 

4.0 

500 

11. 

4500 

5.0 

700 

12. 

4500 

6.0 

900 

13. 

4500 

7.0 

1100 

14. 

4500 

8.0 

2100 

*Most  desirable  stage  for  recreational  purposes. 
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Unless  discharge  o t  water  is  needed  for  flood  control  or  navigation, 
discharges  in  excess  of  50  c.f.s.  when  the  reservoir  stage  is  below 
6.0  or  in  excess  of  100  c.f.s.  when  the  reservoir  is  below  a  desired 
stage  higher  than  6.0  shall  be  made  only  upon  written  application  to 
tile  Commissioner  of  Conservation  by  a  representative  of  a  public 
corporation,  of  a  political  or  Governmental  subdivision  of  the  State 
oi  Minnesota,  or  by  an  industry  or  power  producer,  and  shall  be  con- 
sldoied  onLy  it  the  public  corporation,  political  subdivision, 
industry,  or  power  producer  owns  or  leases  land  riparian  to  the 
Mississippi  River  within  the  State  of  Minnesota,  or  is  located 
adjacent  to  the  river  within  the  State. 

An  application  for  reLease  ot  water  for  these  purposes  may  be  granted 
or  denied  by  the  Commissioner  or  the  release  of  water  fn  response  to 
the  application  but  in  lesser  quantity  than  requested  may  be  authorized. 
His  action  in  response  to  such  application  shall  depend  upon  the  urgency 
oi  the  need  for  water,  the  needs  and  rights  of  other  water  users  and 
property  oi/ners  along  the  river,  and  the  current  situation  of  recrea¬ 
tional  interests,  and  game  and  fish  and  wild  rice  needs.  The  quantity 
oi  valor  to  be  released  from  this  reservoir  shall  coordinate  with 
quantities  to  be  released  from  other  headwaters  reservoirs  to  make  up 
the  total,  authorized  release  of  water. 

Except  when  the  release  of  water  for  industry,  municipal  water  supply 
and  sewage  disposal,  power  generation  and  other  purposes  is  authorized 
bv  the  Commissioner  of  Conservation  or  the  reservoir  is  being  regulated 
by  the  Corps:  ot  Engineers  for  navigation  or  flood  control,  the  dis¬ 
charge  s  shall  be  regulated  to  provide  the  most  desirable  height  for 
this  reservoir  or  slightly  higher  or  Lower  stages  most  desirable  Lor 
fish,  game,  wildlife,  wild  rice,  and  recreational  purposes,  as  recommended 
nv  tin  hi  vision  of  Came  and  Fish,  Minnesota  Department  of  Conservation, 
through  the  Division  oi  Waters..  When  stages  are  above  these  recommended 
-t.iue-:,  md  regulation  is  directed  toward  providing  the  recommended 
st  i  si.  .  .!  i  «<  barges  shall  not  exceed  the  tabulated  discharge  for  the 
; hen  - pr e 7  i  i  1 i ng  s luge . 

On  i  re  at  Division  cM  panic  and  Fish  Ri  coraim  ncia  t  i  on?  lor  Operating  Winni  - 
i '  i  gos'i  i  s It  Kc e  i  vo  i  r  .  When  conditions  wi  II  permit,  any  increase  or 
dec  i  cm  :c  in  discharge  from  W i  mi  i b  igosh i all  Reservoir  should  be  made  so 
that  tile  rite  ol  out  t  low  does  not  change  more  than  50  ,  ubic  teet  per 
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v i t  h  anticipated  i  lintall  and  runot  t .  The  minimum  spring  stage  should 
be  no  1  ess  than  8.0,  and  preferably  8.5.  Winter  drawdown  of  the 
l  c  :  e i vo ' r  should  not  begin  prioi  to  September  15. 
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■\i  no  time  should  there  be  a  complete  shutdown  ot  Winnib r goshish  Darn. 
It  is  necessary  that  there  be  some  flow  in  the  Mississippi  River 
below  the  dam  for  maintenance  of  aquatic  habitat.  The  minimum  winter 
discharge  should  be  50  c.f.s. 

During  the  summer  months,  reservoir  discharges  should  be  regulated  so 
far  as  practicable  so  that  the  reservoir  stage  remains  between  9.0 
and  10.0. 


A 


PLAN  OF  OPERATION  FOR  LEECH  LAKE  RESERVOIR 
IN  ACCORDANCE  WITH  LAWS  OF  1961,  CHAPTER  459 


STATE  OF  MINNESOTA 

The  most  desirable  height  for  this  reservoir  during  the  recreational 
season  shall  be  a  gauge  height  of  2.0  feet.  In  providing  reasonable 
fluctuations  for  the  production  of  wild  rice,  for  the  production  and 
maintenance  of  wildlife  resources  and  for  the  water  needs  for  recrea¬ 
tion,  agriculture,  forestry,  game  and  fish,  industry,  municipal  water 
supply  and  sewage  disposal,  power  generation  and  other  purposes,  the 
minimum  stage  basically  recognized  shall  be  0.0  and,  insular  as  prac¬ 
ticable,  the  maximum  stage  3.5  shall  not  be  exceeded. 

When  the  stage  is  below  0.0,  the  maximum  discharge  shaLl  not  exceed 
the  tabulated  value  for  the  prevailing  stage.  Even  though  the  stage 
is  above  3.5,  the  maximum  discharge  shall  not  exceed  1,700  cubic  feet 
per  second. 

The  reservoir  shall  be  operated  at  all  times  lor  its  primary  purposes 
ol  navigation  and  flood  control  and  stages  and  discharges  shall  be 
regulated  accordingly,  but  when  storage  or  release  of  water  is  not 
required  tor  these  purposes,  the  above  Limitations  shall  apply  and 
regulation  shall  be  such  that  the  water  will  be  at  or  near  the  most 
desirable  height  during  the  desired  period,  insofar  as  practicable, 
except  when  discharges  must  be  made  to  meet  the  water  needs  for  recrea¬ 
tion,  agriculture,  forestry,  game  and  fish,  industry,  municipal  water 
supply  and  sewage  disposal ,  power  generation  and  other  purposes. 

In  operating  the  reservoir  in  accordance  with  the  above  plan,  the  dis¬ 
charge  shall  be  regulated  ordinarily  so  that  discharge  is  50  cubic 
teet  per  second  when  the  reservoir  stage  is  In.  1 ow  0.0  and  so  that 
discharge  is  L00  cubic  feet  per  second  when  tin  r<  servoir  is  above 
'). 11  nut  below  0.5  or  2.0  at  times  when  it  is  desired  that  the  reservoir 
be  at  these  stages.  When  greater  flows  arc  needed  for  industry , 
municipal  water  supply  and  sewage  disposal,  power  generation  and  other 
purposes,  the  discharge  may  be  increased  it  authorized  by  the  Commis¬ 
sioner  but  shall  not  exceed  the  tabulated  value  opposite  the  prevailing 
reservoir  stage. 
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Most  desirable  stage  for  recreational 
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Unless  discharge  of  water  is  needed  for  flood  control  or  navigation, 
discharges  in  excess  of  50  c.f.s.  when  the  reservoir  stage  is  below 
0.0  or  in  excess  of  100  c.f.s,  when  the  reservoir  is  below  a  desired 
stage  higher  than  0.0  shall  be  made  only  upon  written  application  to 
the  Commissioner  of  Conservation  by  a  representative  of  a  public 
corporation,  of  a  political  or  Governmental  subdivision  of  the  State 
oi  Minnesota,  or  by  an  industry  or  power  producer,  and  shall  be  con¬ 
sidered  only  if  the  public  corporation,  political  subdivision,  industry, 
or  power  producer  owns  or  leases  land  riparian  to  the  Leech  Lake  River 
or  the  Mississippi  River  within  the  State  of  Minnesota,  or  is  located 
adjacent  to  these  rivers  within  the  State. 

Discharges  in  excess  of  50  c.f.s.  with  the  reservoir  stage  below  0.0 
and  in  excess  of  100  c.f.s.  with  the  reservoir  stage  above  0.0  but 
below  0.5  or  2.0  for  industry,  municipal  water  supply  and  sewage 
disposal,  power  generation  and  other  purposes  shall  be  made  from  Leech 
Lake  Reservoir  only  when  discharge  from  Winnibigoshish  Reservoir  is 
limited  because  of  its  stage  to  less  than  the  total  discharge  authorized 
ior  these  purposes,  unless  the  use  for  which  the  release  is  authorized 
will  be  made  along  the  Leech  Lake  River 

An  application  for  release  of  water  for  these  purposes  may  be  granted 
or  denied  by  the  Commissioner  or  the  release  of  water  in  response  to 
the  application  but  in  lesser  quantity  than  requested  may  be  authorized. 
His  action  in  response  to  such  an  application  shall  depend  upon  the 
urgency  of  the  need  for  water,  the  needs  and  rights  of  other  water 
users  and  property  owners  along  the  river,  and  the  current  situation 
oi  recreational  interests,  and  game  and  fish  and  wild  rice  needs.  The 
quantity  ot  water  to  be  released  from  this  reservoir  shall  be  coordin¬ 
ated  with  quantities  to  be  released  from  other  headwaters  reservoirs 
to  make  up  the  total  authorized  release  of  water 

Kxcept  when  the  release  of  water  for  industry,  municipal  water  supply 
and  sewage  disposal,  power  generation  and  other  purposes  is  authorized 
hv  the  Commissioner  of  Conservation  or  the  reservoir  is  being  regulated 
by  the  Corps  of  Engineers  for  navigation  or  flood  control,  the  dis¬ 
charges  shall  be  regulated  to  provide  the  most  desirable  height  for 
this  reservoir  or  slightly  higher  or  lower  stages  most  desirable  for 
fish,  game,  wildlife,  wild  rice,  and  recreational  purposes,  as  recom¬ 
mended  by  the  Division  of  Game  and  Fish,  Minnesota  Department  ot 
Conservation,  through  the  Division  of  Waters.  When  stages  are  above 
these  recommended  stages  and  regulation  is  directed  toward  providing 
the  recommended  stage,  discharges  shall  not  exceed  the  tabulated 
discharge  for  the  then-prevailing  stage. 

Current  Division  of  Game  and  Fish  Recommendations  lor  Operating  Leech 
Lake  Reservoir.  Whenever  conditions  will  permit,  anv  increase  or 
decrease  in  discharge  from  Leech  Lake  Reservoir  should  he  made  so  that 
the  rate  of  outflow  does  not  change  more  than  50  cubic  loot  per  second 
each  day,  or  100  c.f.s.  every  other  day,  when  the  total  change  is  to 
hi  less  than  300  c.f.s.,  or  so  that  the  rate  oi  out  1  low  does  not  change 
more  than  100  cubic  fec-t  per  second  each  dav,  when  the  total  change  is 
to  lie1  more  than  300  c.f  s. 


Late  winter  or  early  spring  minimum  stages  should  be  determined  each 
year  as  those  levels  from  which  summer  levels  can  be  attained  by  June  1 
with  anticipated  rainfall  and  runoff.  The  minimum  spring  stage  should 
be  0.5.  Winter  drawdown  of  the  reservoir  should  not  begin  prior  to 
September  15. 

At  no  time  should  there  be  a  complete  shutdown  of  Leech  Lake  Dam.  It 
is  necessary  that  there  be  some  flow  in  the  Leech  Lake  River  below  the 
dam  for  maintenance  of  aquatic  habitat.  The  minimum  winter  discharge 
shou Id  be  50  c . f . s . 

lXiring  the  summer  months,  reservoir  discharges  should  be  regulated  so 
far  as  practicable  so  that  the  reservoir  stage  remains  between  l.d 
and  2.2, 
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GOVERNOR'S  1975  REQUEST  FOR  LOWER  LEVEL  FOR  LAKE  WINNIBIGOSHISH 


The  normal  summer  operating  level  for  Lake  Winnibigoshish  was 
lowered  1  foot  from  the  10.0-  to  10.5-foot  stage  (1298.94  to  1299.44 
elevation)  to  the  9.0-  to  9.5-foot  stage  (1297.94  to  1298.44  elevation) 
in  1976.  This  lower  level  will  be  maintained  for  a  trial  period  of 
5  years  as  a  result  of  a  19  March  1975  letter  request  by  the  Governor 
of  Minnesota.  The  normal  summer  level  may  be  continued  at  this  lower 
level  after  the  5-year  trial  period  if  it  appears  the  public  interest 
is  best  served  by  this  revised  operation.  The  19  April  1963  State  of 
Minnesota  Commissioner  of  Conservation  order  would  be  appropriately  modi¬ 
fied  at  that  time. 

The  Governor's  request  for  lower  operating  levels  originated  be¬ 
cause  of  local  concern  for  shoreline  erosion  control.  A  detailed  1965 
report  by  the  U.S.  Forest  Service  on  the  erosion  problem  on  Lake  L’inni- 
bigoshish  supported  the  need  for  lower  levels  to  control  shoreline 
erosion.  A  copy  of  the  Governor's  request  letter  follows. 
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Page  Two 

Colonel  Hex  Moah 
March  10,  1975 


interests  occur  as  a  result.  I  would  also  appreciate  the 
assistance  of  the  Corps  in  informing  mo  of  the  capability 
of  the  Corps  to  complete  the  Corps  study  evaluating  alternative 
plans  of  operation  of  the  Mississippi  Headwaters  Reservoirs  in 
Minnesota.  This  study  was  requested  by  the  State  of  Minnesota 
to  Congress  for  adeouate  evaluation  for  the  best  operation  of 
the  lie  adwators  Reservoirs. 

This  request  is  not  inconsistent  with  the  provisions 
of  Minnesota  Statutes,  Sections  110. -7  through  110.53  or  vi'.h 
the  order  of  the  Commissioner  of  Conservation  of  April  19,  1963 
which  implemented  that  statutory  provision..  It  is  intended 
that  the  Commissioner's  order  of  April  19,  1963  would  be  r.odifi 
only  to  the  extent  necessary  to  provide  for  the  change  in  sucre 
levels  of  Kinnibigoshish  Reservoir  an  experimental  basis. 

Thank  you  for  your  cooperation  on  this  matter. 


Sincerely , 

ZcbruH? 

Wendell 


-  * .  t 


vneer 


WRA : skf 

cc:  Representative  Glen  Sherwood 

Senator  Gerald  ’.fillet 

Robert  L .  Herbs t ,  Commissioner  of  the  Department  of  Katum. 
Resources 

Frar.k  Lamm,  Metropolitan  Council 

Eugene  R.  Gere,  Director,  Division  of  Wafer,  Soils  and 
Minerals,  DNR 
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The  5-vear  trial  period  requested  bv  the  Governor  ended  in  1980, 
and  the  results  indicated  that  the  9.0-  to  9.5-foot  summer  ope  rat  ins:  level 
was  acceptable  to  most  interests.  Complaints  to  the  St.  Paul  District 
concerning  water  levels  at  Lake  Winnibigoshish  were  reduced  dranatica i ly . 

The  State  Archeologist  reported  that  erosion  of  shoreline  archeological 
sites  was  reduced. 

Then,  early  in  1980,  the  Minnesota  Department  of  Natural  Resources' 
(PNK)  Fisheries  Section  requested  a  modification  in  the  regulation  of 
springtime  lake  levels  to  optimize  the  success  of  walleye  spawning  and 
JNK  spawn-taking  operations  on  Little  Cut  foot  .us  Lake.  The  DNK  sub¬ 
sequently  met  with  the  Corps,  and  it  was  decided  to  extend  the  previous 
>— year  trial  maximum  summer  operating  level  of  9.5  for  another  5  years 
(1981-1986).  The  proposed  operation  to  optimize  walleye  spawning  and 
spawn  taking  closely  matched  the  operation  uesireJ  for  shoreline  erosion 
control.  The  ope  rat  ion  for  wal  logos  involves  the  following,  conditions. 

a.  Draw  the  lake  down  f rora  September  to  Anri  1 .  1  he  Corps  would  co¬ 
ordinate  with  the  Minnesota  1)NK  to  attempt  t,  ensure  that  an  adequate  water 

leveL  (8.5  feet)  is  available  at  the  beginning  ■!  t  no  w  il  love  spawning 
reason  (about  25  April). 

b.  Coordination  with  the  Minnesota  DSk  dwsing  spawning  season  (about 
2  weeks)  to  attempt  to  control  Lake  Winnibigoshish  levels  in  order  to  indue*, 
a  walleye  spawning  run  into  Little  Cut  foot  Sioux  Lake. 

c.  Maintaining  summer  levels  at  9.0  to  >  *  •  • » ■  t . 

The  above  plan  of  operation  consists  of  target  levels  chich  may  or  may  not 
be  met  in  any  given  year,  depending  on  climatic  conditions.  For  example, 
.older  drought  conditions,  the  lake  would  not  bo  drawn  to  normal  levels  and 
runoff  might  not  be  sufficient  to  fill  the  1 ake  to  normal  summer  levels, 
lit  heavy  precipitation  years,  normal  summer  levels  mav  be  exceeded. 
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:V  i  i.  n  vi  roumtin  tal  assessment  of  the  modification  to  optimize  wal  lew 
dm  t  ion  was  prepared  in  March  1981.  i'lie  Environmental  Protection 
...  approved  the  assessment  on  l  April  1981,  and  the  District  Engineer's 
•  liar  u  ,V>  :■  i  n  i  id  c  in  t  Impact  was  issued  on  24  .Inly  1981. 
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•  a«-  t  ent  alive  guide  curves  develop.d  in  !  '■>  •<:  h.:.-v  not  lecn  revi  s.  d 
date.  llrwev.  r,  the  Aitkin  gage  zero  was  lowered  hy  3  feet  in  !9f-7 
>  liminate  negative  stages  and,  s  I  nee  147),  water  lewis  lor  the  six 
ulwaters  lakes,  previous lv  reported  in  stage,  are  reported  in  e leva¬ 
nt  Gove  mean  sea  level.  ! he  following  tentative  •  urves  dated  1'J'7 
redraw.  :.  re'  lent,  t  >:■  se  :  *•.  mil  cal  change.-..  In  t<  teal  content  , 

19  7  7  our  'eS  are  idem  ‘  .  ..  1  t  «-  tv !  ier  i  9  ><->  .  urves.  rite  19  7',  an! 
'  vi'v,',l  j.'Oass  are  also  sh.  v:  on  the  appropr  i  at  e  curve  for 


ELEVATION  -  1929  ADJ.  -  POKEGAMA  RESERVOIR 
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ELEVATION  -  1929  ADJ.  -  SANDY  LAKE  RESERVOIR 
1  DAY  TRAVEL  TIME  TO  AITKIN 


NOTE: 

Curve  shows  relation  between  maximum  reservoir 
stages  and  corresponding  peak  flood  stage  on 
the  Mississippi  River  at  Aitkin  which,  under  oper¬ 
ating  procedures  now  in  effect,  will  result  (on 
the  average)  in  the  minimum  total  flood  damages 
to  affected  interests  in  the  three  principal 
damage  areas. 

Aitkin  (iar.o  Zero  -  I18J.41 
!Y>kt\",.i:ii./  0.i>;e  Zero  -  J  J64 .42 
Sandy  Oa>u*  Zero  =  ij()/.  il 
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TENTATIVE  GUIDE  CURVE 
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fho  l  ivl  1  i<w  ins',  important  I  acts  about  the  I’okep.ama-Sandy-Ai  t  kin  m  i  ii 
.• , :r  v  es  should  bo  emphasized: 

I.  i  ho  original  (and  thus  current)  .'.nidi-  curves  wore  d  eve !  .'tn!  '  r 
an  analysis  ol  14  actual  1  lood  events  at  Aitkin  when  oi  ovations  ox.  n  a. 

;  /-loot  stav.e  on  the  current  jtavto.  I'he  analysis  was  thorot'oro  based  or.  i 
.  et'tain  amount  o',  hindsight.  Actual  operations  in  inv  particular  ■.  ea  : 
result  in  the  use  ol  more  or  less  lake  storage  te  ell  n  :  sta  'e  reduel 
at  Aitkin.  Actual  operations  are  a  1  so  al  looted  by  I  he  areal  distribute 

am.  t  inii— vo  1  nine  relationships  ol  individual  i  lends  as  well  as  the  ic.  ur.,. 

o  ;  i  1  ood  t'e recast  s  . 

.  Opera  t  im;  by  the  'aide  curves  wil  I  not  pm  vent  '  loud  in..:  in  the 
1  in  e  nil  cctol  areas.  the  curves  reflect  a  peak  f  1  oini  sta  'e  r «.  I  a  t  i  en  sh  ;  . 
last  aelps  minimize  area  dania.;es  as  a  result  oi  lake  opera!  ien  oap.ih  i  1  i  l  i 

>.  Tile  ,;uide  curves  are  net  meant  to  lie  i  1  lowed  loot  Kv  : .  :  as 

stares  rise  in  a  particular  i  I  otul  event  .  'he  curves  lell.-ct  -  a  i-.u- 

led  peak  re  1  a  L  iensii  i  ps  which  tin  operator  nor:-. all'.  'recasts  :.r  •  a- 

I  i  alar  event.  1  o  operate  otherwise  would  undii!  '  r.-s!  r  h  l  tin  .as  i  i 

t  .a1  juuii  iiui.s  use  a!  hike  stor.i.  <•  at  crit  ic.i)  times  durin.  .«  '  I  c.  a  .  \ 

a  e.-.a;:.ple  is  when  the  eper.it  >  i  lias  the  ■  'pp.-i  t  till  i  t  t  "he.:  .  .  x  : 

: . i  a  i  it ;  a  1  I  Ih'I'Hi  ,  J  ur  i : .  ,  :  ,  as  t  a*  let  ;  .  .  , '  :  i  s  .  e  .  m  t  ■  . ' 

i  •.  t  a  i  a  in  •  e  availabh  si  ■•r.i.-e  in  the  two  i  a  k<.  ■  ,  ;  he  .- ;  e :  :  >  .  r 

I  I '  use  et  that  stela  ■  i  u  I  he  event  t  iia  t  rain  in  1  In  area  l  a  u  .  :a  : 

'  I  'll  e  to  control  or  1  educe  the  1  io.nl  crest,  t  il.it  .a  1  ■  o  a :  ,  1  w  i  .  ,  ■  . 
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CURRENT  OPERATING  PLAN  AND  RELEASE  SCHEDULES 


The  current  specific  operating  plans  for  the  six  Mississippi 
River  Headwaters  Lakes  were  developed  over  the  years  through  regula¬ 
tions  established  by  the  War  Department  (now  Department  of  the  Army) 
and  through  demands  and  requirements  of  local  and  public  interest 
groups  expressed  at  a  number  of  public  meetings  and  hearings.  Gener¬ 
ally,  operations  of  the  four  upper  lakes  (Winnihigoshish,  Leech, 
Pokegama,  and  Sandy)  are  closely  coordinated  with  each  other  anti  with 
the  flood  situation  in  the  Aitkin  area.  Opera: ions  of  Pine  River  and 
Gull  Lakes  are  completely  independent  of  each  of  the  other  lakes,  ex¬ 
cept  as  required  downstream  flow  releases  for  navigation  and  fish  and 
wildlife  purposes  might  dicta' c. 

The  following  tabular  summaries  and  narrative  define  the  current 
operating  plan  and  release  schedules  in  detail.  the  summaries  .-.re 
appendixes  to  the  April  1961  Master  Reservoir  Regulation  Manna!  for 
the  Mississippi  River  Headwaters  Area.  The  summi’-ies  are  updated  to 
include  trial  operation  levels  on  Lake  nn  i  h .  c  i  sh  and  to  include 
some  corrections  to  storage  capacities  has. -a  mi  a  review  of  Ink.- 
elevation-storage  curves.  ,i  ml  op. a  it  i.  ;  ;  .' 

production  (Leech  Lake  Gon-t-r  va  t  i..ii  flan-  .  !  1  ■  '  •  :  '  ; 

the  current  oper.it  in  I  it  it  s  and  art  net  so.  .  i :  i  <  .  i  .  i  •:  • 

these  summaries. 


It-'iO 


GENERAL  OPERATING  DATA  -  MISSISSIPPI  RIVER 
HEADWATERS  RESERVOIRS 


Cass  Lake 


LEECH  LAKE 
RESERVOIR 


- - WINNIBIGOSHISH  RESERVOIR 

ball  club  lake 

/  K  STAFF  GAGE 

v  \X  -  DEER  RIV£R 

MUD  LAKE  - -WHITE  OAK  LAKE  STAFF  GAGE 

DAM,  '1  F  —  DATS  HIGH  LANDING  GAGE 

ifSCH  L/XZ)  -COLL.NS  BRIDGE  GAGE 

«  1 


PINE  RIVER- 
RESERVOIR 


GULL  LAKE- 
RESERVOIR 


Grand  Rapids 


WILLOW 
BEACH  ROAD 
GAGE 


-lake  GAGE 


POKEGAMA- 

RESERVOIR 


SANDY  LAKE 
RESERVOIR 


k°AM  & 

■-$ 


“  Aitkin 


cf,0^P\ cv 


Bramerd 


Rev  7/81 


LAKE  ELEVATIONS  IN  FEET  -  1929  ADJ. 


1270.42  (3/15)  11214.31 12/1 5)11227.32(2/1 5)*l  192.75  (2  / 1 5 


NORMAL  SPRING  STAGE  (DATE 


DESIRABLE  SUMMER  RANGE  I29B  94-1299  44  11294  30-129490)1273  17-  127 3  67  ||2I6  06-1216  36 1229  07-122937)1193  73-1194 

I  ORIGINAL  OPERATING  LIMITS  1288  94-1303  14  1292  20-129794)1268  92-12  76. 42  [I2079I-I2I6  31  Il2l7  62-123*6211188  73-ll9473| 

Rating  7iM?TSG,AACL-FTPER"  967,900  743,300  120, 800  j  78.700  1  78,900  70,800 

[PRESENT  OPERATING  LIMITS  1294  94-1303  14  1292.70-129794 1270  42-1276  42  [1214  31-1216  31  1223  32 1231 . 3  21192  73-1194  79 

!  PR5!!.NT  ,.?^INARY  OPER-  1296  94-1300  94  1293  20-1293  701270  42-1274  42  1214  31-1218  31,1226  32-1230  321192  73  1194  73 

ating  limits 


DESIRABLE  OPERATING  LIMITS|l296  94-1299  44|l293,20-l293  70{I27I  42-1274  42  [1214  31-1216  31 1122732-1230  32NI92  73-1194  73 


|  1294  94-1303 14  1292  70-1297941270  42-1276  4  2  [|2I4  31-1216  31  |l223  321231 . 321192  73-1194  73 
i  12  96  94-130094  1293  20-1293  70127042-1274  42  1214  31-1216  31,1226  32-1230  321192  73-119473 


capacity,  PRESENT  OPER- 

ATING  LIMITS.  AC-FT _ 

|TlOWAGE  RIGHTS  ACQUIRED 

|  TO  ELEVATION  OF _ 

(MAXIMUM  ELEVATION  EVER 

Iatta  ined _ 

^NUMBER  OF  TIMES  UPPER 
OPERATING  LIMIT  HAS  BEEN 

,  EX CEEOEO _ 

(NO  TIMES  FLOWAGE  LIMITS 

!  HAVE  BEEN  EXCEEDED  _ _ 

(MAXIMUM  ELEVATION  AT  T  A I N  E  D 

j _ 1950 _ _ _ 

I  RESERVOIR  IN  OPERATION 


653,600  i  689,800  !  102,400 
1306.944  !  130170-t-  I2B0  424 


1303  39 


1301  70-1 


129788 


1280  424 


127792 


37,600 


1222  314 


122482 


79,900 


1238  824 


1234  56 


26,000 


1195  05 


1303  17 


1296  81 


127739 


122482 


1231  41 


1195  01 


B-51 


I - 

RESERVOIR 

NINNI- 

BIGOSHISH 

LEECH 

NORMAL  SPRING  STAGE 
(DATE) 

8.0  (3  1) 

0.5  (3  1 ) 

DESIRABLE  SUMMER 

RANGE 

10.0-10.5 

1.8-22 

ORIGINAL  OPERATING 

LIMITS 

O'  -14. 2' 

-0. 5'  -5. 24’ 

CAPACITY.  ORIGINAL 

OPERATING  LIMITS 
AC-FT 

967,900 

743,300 

PRESENT  OPERATING 
LIMITS 

6-14.2' 

0-5.24' 

PRESENT  ORDINARY 
OPERATING  LIMITS 

8-12' 

0.5'  -3  0' 

DESIRABLE  OPERATING 

LIMITS 

8-10.5 

05-30' 

CAPACITY  PRESENT 
OPERATING  LIMITS 
AC-FT 

653,600  ’ 

689,800  | 

FIOMAGE  RIGHTS 

ACQUIRED  TO 

STAGE  OF 

18'- 

1 

9'- 

MAXIMUM  STAGE 

EVER  ATTAINED 

14  45' 

5  18' 

NUMBER  OF  TIMES 

UPPER  OPERATING 

LIMIT  HAS  BEEN 
EXCEEDED 

1 

2 

i 

0 

STAGES  IN  USE  PRIOR  TO  JULY  1973 


LEECH  POKEGAMA  SANDY  PINE 


11.0  (2  Id ) 


9-15.0  5'  -7 ' 


5’  -7' 


26,000 


22.5'*  H.O- 


MAHNUN  STAGE 
ATTA I  NED  IN  1950 


ZERO  OF  GAGE: 


USE  OATUI* ) 


"F  Plf-KS 

r.  i  i.i. 


15.42 

-4.78 


6 .  84 
-4.96 


14.4 

*  1  .  ;  j 


Table  B-l  -  Regulation  schedule  -  Minnibigoshi sh  Dam  and  Reservoir 

Reservoir 

Regulation  elevation 

schedule _ Condition  (feet) _ Operat  ion _ 


Routine  operation 


After  Labor  Day  Winter  1298.44- 

to  spring  drawdown  1296.94 

breakup  (1  Oct- 
1  Mar) 


Spring  breakup  Storing  1296.94- 

period  spring  1303.14 

runoff 


The  Water  Control  Section  shall  com¬ 
pute  the  discharge  required  to  lower 
the  pool  to  spring  level,  1296.94 
elevation,  before  the  beginning  of 
the  spring  breakup,  usually  about 
1  April.  Periodic  checks  of  inflow 
shall  be  made  and  outflow  adjusted 
as  necessary.  If  the  drawdown  is 
completed  before  the  breakup  begins, 
discharge  inflow  until  spring  runoff 
starts.  *The  State  of  Minnesota's 
plan  of  operation  requires  the  dis¬ 
charge  to  be  100  cfs  if  the  eleva¬ 
tion  is  below’  1296.94. 

Sufficient  runoff,  if  available, 
must  be  stored  to  fill  the  reservoir 
to  the  desired  summer  range, 

1297.94  to  1298.44  (changed  from 
1298.94-1299.44  in  April  1976  for 
a  5-year  trial  period),  and  the 
storage  rapacity  shall  be  utilized, 
if  necessary,  to  prevent  or  reduce 
damages  to  downstream  stations, 
primarily  in  the  Aitkin  area.  When 
the  breakup  begins,  reduce  discharge 
to  100  cfs  and  store  balance  of 
inflow.  If  desired  summer  range  is 
reached  and  no  danger  of  t looding 
exists  dowmstream,  discharge  inflow. 
Inflows  shall  be  stored  as  long  as 
the  stage  at  Aitkin  is  at  or  above 
15.0  feet,  flood  stage.  However,  if 
Winnibigoshish  pool  should  reach 
1303.14  elevation,  maximum  operating 
limit,  increase  discharge  to  inflow. 
If  the  inflow  becomes  greater  than 
the  discharge  capacity  of  the  dam, 
the  dam  shall  be  completely  opened, 
and  open  river  conditions  will  exist 
until  regulation  at  the  dam  is  again 
possible.  Discharge  shall  be 
governed  by  conditions  at  Aitkin 
until  spring  breakup  is  completed. 
*The  State  of  Minnesota's  plan  <>t 
operation  limits  the  maximum  dis¬ 
charge  to  4,500  cfs  if  tile  reservoir 
is  above  the  desired  maximum  eleva¬ 
tion  of  1300.94. 


f 
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Table  B-l  -  Regulation  schedule  -  Winnlbigoshish  Dam  and  Reservoir  (cont ) 

Reservoi r 

Regulation  elevation 

schedule _ Condition _ ( feet ) _ Operat  Ion _ 


Routine  operation  (cont) 


End  of  spring 
breakup  to 
about  1  July 


About  1  July 
to  Labor  Day 


Flood  control 


Sringing  res¬ 
ervoir  to 
desired  sum¬ 
mer  range 


Normal  summer 
operat ion 


1303.14  After  it  is  no  longer  neces- 
to  sarv  to  store  runoff  for 

(1297.94-  downstream  damage  prevention, 
1298.44)  the  Water  Control  Section 

shall  compute  the  discharge 
required  to  raise  or  lower 
the  pool  as  necessary  to 
bring  the  reservoir  to  tin 
desired  summer  range  bv 
about  1  July,  if  possible. 


1297.94-  By  the  operation  of  the  slide 
1298.44  gates  and  the  addition  or  re¬ 
moval  of  bulkheads,  if  neces¬ 
sary,  maintain  pool  at  desired 
summer  range  until  winter 
drawdown  begins.  *The  State 
of  Minnesota's  plan  of  opera¬ 
tion  requires  the  discharge 
to  be  100  ofs  if  the  eleva¬ 
tion  is  below  1299.19. 


Summer 

Large  runoff 

1297.94- 

The  operation  is  the  same  as 

from  intense 

1  303.  14 

that  for  storing  the  spring 

Fall 

or  prolonged 

1296.94- 

runoff  during  the  spring 

rainfall  or 

1303.14 

breakup  period. 

Winter 

winter  thaw 

1296.94- 

1303.14 

Water  supply 

and  conservation 

Drought 

Very  low 

1298.44- 

If  i n  fl ows  b  e  e one  s  o  1 ow  t  h a t 

inflows 

1294.94 

the  reservoir  must  be  lowered 

or  lower 

below  desired  elevation,  so 

if  far  as  practicable  the  rest r- 

necessarv  voir  shall  be  maintained  above 
an  elevation  of  1294.94.  The 
flow  shall  be  governed  by  the 
Secretary  of  the  Army's  regula¬ 
tion  that  the  average  annual  dis¬ 
charge  shall  not  be  reduced  below 
150  cfs.  If  the  reservoir  is  at 
or  below  the  minimum  elevation  of 
1294.94,  no  discharge  other  than 
the  minimum  specified  above  shall 
he  permitted  except  sn, h  inereased 
discharge  as  may  speeifieallv  be 
directed  bv  the  Chief  of  Engineer1-. 


i 

« 
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Table  B-l  -  Regulation  schedule  -  Winniblgoshish  Dam  and  Reservoir  (cont) 


Reservoir 

Regulation 

elevation 

schedule 

Condition 

(feet) 

Operat ion 

Water  supply  and 

conservation 

(cont ) 

*The  State  of  Minnesota's  plan 
of  operation  requires  the 
discharge  to  be  50  cfs  if  the 
elevation  is  below  1294.54, 
minimum  elevation,  and  i 00 
efs  if  the  elevation  is  be¬ 
tween  1294.64  and  1299.19. 
When  greater  flows  are  re¬ 
quired  at  the  minimum  eleva¬ 
tion,  the  discharge  may  be 
increased  if  authorized  by 
the  Commissioner  of  the 
Department  of  Natural  Re¬ 
sources,  and  the  maximum 
shall  be  900  cfs. 


*  The  State  of  Minnesota's  plan  of  operation  shall  be  effective  only 
when  the  reservoirs  are  not  functioning  for  the  primary  purpose  of  navi¬ 
gation  and  flood  control. 

Current  Department  of  Natural  Resources  Rt commendat ions  for  Operating 
Winnibigosh isli  Reservoir.  When  conditions  will  permit,  any  increase  or 
decrease  in  discharge  from  Winnib igoshish  Reservoir  should  be  made  s  ■ 
that  the  rate  of  outflow  does  not  change  more  than  50  cfs  each  day,  when 
the  total  change  is  to  he  less  than  300  cfs,  o-  so  that,  the  rate  of  outflow 
does  not  change  more  than  100  cfs  each  day  when  the  total  change  is  to  be 
more  than  300  cfs.  A  change  at  a  rate  of  100  cfs  every  other  day  will  be 
acceptable,  as  a  substitute  for  a  change  of  50  cts  each  day. 

Minnesota  Department  of  Natural  Resources  regulation  of  Winn i h igosh i sn  K .  s , -  r v 
Elevation  in  feet  Maximum  discharge  in  cfs  if  authorized  bv  t'u 

1929  ad  j  . _ Commissioner  of  the  Department  of  Natural  Kesonr.  es 


1289.94 

50 

1290.94 

100 

1291.94 

300 

1292.94 

500 

1293.94 

700 

1294.94 

900 

1295.94 

1,100 

1296.94 

2,100 

1297.94 

3,100 

1298.94 

4,500 

1299.09** 

4,500 

1299.  19 

4,500 

**  Most  desirable  elevation  for  recreational  purposes. 


Table  B-2  Regulation  schedule  -  Leech  Lake  Dam  and  Reservoir 


Reservoir 

Regulation  elevation 

schedule  Condition  (feet)  Operation 


Routine  operation 

After  Labor  Day  to  Winter  1294.70- 

spring  breakup  drawdown  1293.20 

(1  Oct  -  1  Mar) 


Spring  breakup  Storing  1293.20- 

period  spring  1297.94 

runoff 


The  Water  Control  Sec¬ 
tion  shall  compute  the 
discharge  required  to 
lower  the  pool  to  spring 
level,  1293.20  elevation, 
before  the  beginning  of 
the  spring  breakup,  usu¬ 
ally  about  1  April. 

Periodic  checks  of  inflow 
shall  be  made  and  outflow 
adjusted  as  necessary. 

If  the  drawdown  is  com¬ 
pleted  before  the  breakup 
begins,  discharge  inflow 
until  spring  runoff 
starts.  *The  State  of 
Minnesota's  plan  of  opera¬ 
tion  requires  the  discharge 
to  he  100  cfs  if  elevation 
is  below  1294. 70. 

Sufficient  runoff,  if  avail¬ 
able,  must  be  stored  to  fill 
the  reservoir  to  the  desired 
summer  range,  1294.50  to 
1294.90,  and  the  storage 
capacity  shall  be  utilized, 
if  necessary,  to  prevent  or 
reduce  damages  to  downstream 
stations,  primarily  in  the 
Aitkin  area.  When  the 
breakup  begins,  reduce  dis¬ 
charge  to  100  cfs  and  store 
balance  of  inflow.  If  de¬ 
sired  summer  range  is 
reached  and  no  danger  of 
flooding  exists  downstream, 
discharge  inflow.  Inflows 
shall  be  stored  as  long  as 
the  ;t age  at  Aitkin  is  at  or 
above  15.0  feet,  flood  stage. 
However,  if  leech  Lake  pool 
should  reach  elevation 
1297.94,  maximum  operating 
limit,  increase  discharge 
to  inflow.  T  f  the  inf] nw 
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Table  B-2  -  Regulation  schedule  -  Leech  Lake  Dam  and  Reservoir  (cont) 

xeservoir 

Regulation  elevation 


schedule 


Condit ion 


(feet) 


Routine  operation  (cont) 


Spring  breakup  period  (cont) 


F.nd  of  spring 
breakup  to 
about  1  July 


About  1  July 
to  Labor  Day 


Flood  control 


Summer 


Winter 


L 


Bringing 
reservoir 
to  desired 


range 


Normal 


1294.50- 

1294.90 


operat ion 


Large  run-  1294.50- 
off  from  1297.94 
intense  or 

prolonged  1293. 20- 
rainfall  or  1297.94 
winter  thaw  1293.20- 
1297.94 


Operation 


becomes  greater  than  the 
discharge  capacity  of  the 
dam,  the  dam  shall  be  com¬ 
pletely  opened,  and  open 
river  conditions  will 
exist  until  regulation  at 
the  dam  is  again  possible. 
Discnarge  shall  be  governed 
by  conditions  at  Aitkin  un¬ 
til  the  spring  breakup  is 
completed.  *The  State  of 
Minnesota's  plan  of  opera¬ 
tion  limits  the  maximum 
discharge  to  1,700  cfs  if 
the  reservoir  is  above 
the  desired  maximum  eleva¬ 
tion  of  1296. 20. 


1297.94 

to 

(1294.50- 

1294.90) 


After  it  is  no  longer  neces¬ 
sary  to  store  runoff  for 
downstream  damage  preven¬ 
tion,  the  Water  Control 
Section  shall  c  impute  t  he 
discharge  required  to 
raise  or  lower  the  pool  as 
necessary  to  bring  the 
reservoir  to  the  desired 
stunner  range  by  about 
1  -July,  if  possible. 


By  operating  the  slide  gates, 
regulate  the  outflow  to  main¬ 
tain  pool  at  desired  summer 
range  until  winter  drawdown 
begins.  *The  State  of 
Minnesota's  plan  of  operation 
requires  the  discharge  to  he 
100  cfs  if  the  poo  1  is  below 
1294.70. 


The  operation  is  the  same  as 
that  for  storing  the  spring 
runoff  (hiring  the  spring 
breakup  period. 


Table  B-2  -  Regulation  schedule  -  Leech  Lake  Dam  and  Reservoir  (cont) 

Reservoir 

Regulation  elevation 

schedule _ Condition _ (feet) _ Operation _ 


Water  supply  and  conservation 

Drought  Very  low 

inflows 


1294.90- 
1292.70 
or  lower 
if 

necessary 


If  flows  become  so  low 
that  the  reservoir  must 
be  lowered  below  desired 
stage,  so  far  as  practi¬ 
cable  the  reservoir  shall 
be  maintained  above  an 
elevation  of  1292.70. 

The  flow  shall  be  governed 
by  the  Secretary  of  the 
Army's  regulation  that  the 
average  annual  discharge 
shall  not  be  reduced  below 
70  cfs.  If  the  reservoir 
is  at  or  below  the  mini¬ 
mum  elevation  of  1292.70, 
no  discharge  other  than 
the  minimum  specified  above 
shall  be  permitted  except 
such  as  may  specifically 
be  directed  by  the  Chief 
of  Engineers.  *The  State 
of  Minnesota's  plan  of 
operation  requires  the 
discharge  to  be  50  cfs 
if  the  elevation  is  below 
1292.70;  minimum  elevation 
is  between  1292.70  and 
1294.70.  When  greater  flows 
are  required  at  the  minimum 
elevation,  the  discharge 
may  be  increased  if  author¬ 
ized  by  the  Commissioner 
of  the  Department  of  Natural 
Resources,  and  the  maximum 
shall  be  150  cfs. 


*  The  State  of  Minnesota's  plan  of  operation  shall be  effective  oniv 
when  the  reservoirs  are  not  functioning  for  the  primary  purpose  of  naviga¬ 
tion  and  flood  control. 
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Table  B-2  -  Regulation  schedule  -  Leech  Lake  Dam  and  Reservoir  (cont) 


.rrent  Department  of  Natural  Resources  Recommendations  for  Operating 
Leech  Lake  Reservoir.  '•rhenever  conditions  will  permit,  any  increase 
or  decrease  in  discharge  from  Leech  Lake  Reservoir  should  be  made  sc 
that  the  rate  of  outflow  does  not  change  more  than  50  cfs  each  day, 
or  100  cfs  every  other  day,  when  the  total  change  is  to  be  less  than 
300  cfs,  or  so  that  the  rate  of  outflow  does  not  change  more  than 
100  cfs  each  day,  when  the  total  change  is  to  be  more  than  300  cfs. 


Minnesota  Department  of  Natural  Resources  regulation  of  Leech  Lake  Reservoir 
Elevation  in  feet  Maximum  discharge  in  cfs  if  authorized  by  the 

1929  adj _ Commissioner  of  the  Department  of  Natural  Resources 


1291. 70 

50 

1292.20 

100 

1292.70 

1 50 

1293.20 

200 

1293. 70 

400 

1294.20 

600 

1294.70** 

1,100 

1 295. 20 

1,400 

1295. 70 

1,500 

1296. 20 

1,600 

1296.70 

1,700 

1297.20 

1,700 

**  Most  desirable  elevation  for  recreational  purposes. 
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Table  B-3  -  Regulation  schedule  -  Pokegama  Dam  and  Reservoir 

Reservoir 

Regulation  elevation 

schedule _ Condition  (feet) _ Operation 


Routine  operation 

After  Labor  Day 

Winter 

to  spring 

drawdown 

breakup  (1  Oct  - 

15  Mar) 

1273.67-  The  Water  Control  Sec- 

1270.42  tion  shall  compute  the 

discharge  required  to 
lower  the  pool  to  spring 
level,  1270.42  elevation, 
before  the  beginning  of 
the  spring  breakup,  usu¬ 
ally  about  1  April. 
Periodic  checks  of  in¬ 
flow  shall  be  made  and 
outflow  adjusted  as 
necessary.  If  the  draw¬ 
down  is  completed  before 
the  breakup  begins,  dis¬ 
charge  inflow  until  the 
spring  runoff  starts. 
Should  the  level  at  Days 
High  Landing  recede  to 
elevation  1271.3  during 
the  drawdown  period  before 
an  elevation  of  1270.42 
occurs  at  Pokegama  Lake, 
maintain  elevation  1271.30 
at  Days  High  Landing  by 
maintaining  an  elevation 
higher  than  1270.42  at 
Pokegama.  *Tho  State  of 
Minnesota's  plan  of  opera¬ 
tion  limits  the  discharge 
from  Pokegama  Reservoir 
if  the  elevation  is  below 

1270.42  or  below  any  de¬ 
sired  elevation  above 

1270.42  to  the  sum  of  the 
discharges  from  Winnibi- 
goshish  and  Leech  Reser¬ 
voirs;  but  when  Pokegama 
Reservoir  is  above  the 
desired  elevation,  the 
discharge  need  not  be 
limited  bv  the  discharges 
from  Wi  nn  L  b  i  gosiii  sh  and 
Leech  Reservoirs. 


R-60 


Table  B-3  -  Regulation  schedule  -  Pokegama  Dam  and  Reservoir  (cont) 

Reservoir 

Regulation  elevation 

_ schedule _ Condition _ (feet) _ Operation 


Routine  operation  (cont) 

Spring  breakup  Storing 

period  spring 

runoff 


End  of  spring  Bringing 
breakup  to  reservoir 

about  1  July  to  de¬ 

sired 
s  umme  r 
range 


1270.42-  The  discharges  from 

1278.42  Pokegama  and  Sandy 

Lake  Reservoirs  shall 
be  regulated  so  that 
the  ultimate  eleva¬ 
tions  at  these  two 
reservoirs  and  at 
Aitkin  shall  result 
in  elevations  that 
correspond  to  the 
guide  curve  for  spring 
floods.  Should  the 
elevation  at  Pokegama 
Reservoir  reach  1278.42, 
the  dam  must  be  com¬ 
pletely  opened,  and 
open  river  conditions 
will  exist  until  the 
pool  drops  to  elevation 
1277.92.  At  this  eleva¬ 
tion,  operation  should 
again  be  based  on  the 
guide  curve,  if  possible. 
*The  State  of  Minnesota's 
plan  of  operation  limits 
the  maximum  discharge  to 
5,500  cfs  if  the  reser¬ 
voir  is  above  the  desired 
maximum  elevation  of 
1276.42. 


1278.42  On  the  recession  of  the 

to  inflow,  the  elevation  in 

(1273.17-  Pokegama  and  Sandy  Reser- 

1273.67)  voirs  shall  he  governed 

by  the  guide  curve,  if 
possible,  until  the  pool 
has  dropped  to  the  de¬ 
sired  summer  elevation. 
(There  have  been  only  a 
few  times  since  operation 
started  that  these  reser¬ 
voirs  have  not  filled  to 
above  the  desired  summer 
elevnt ion. ) 


B-61 


Table  B-3  -  Regulation  schedule  -  Pokegama  Dam  and  Reservoir  (cont) 

Reservoir 

Regulation  elevation 

_ schedule _ Condition _ (feet) _ Operation _ 


Routine  operation  (cont) 


About  1  July  to  Normal 
Labor  Day  summer 

operation 


1273.17- 

1273.67 


Flood  control 


Sumrae  r 

Fall 

Winter 


Large  runoff  1273.17- 
from  intense  1278. A2 
or  prolonged  1270.42- 
rainfall  or  1278.42 
winter  thaw  1270.42- 
1278.42 


Water  supply  and  conservation 


Drought 


Very  low  1273.67- 

inflows  1270.42 

or  lower 
if 

noiess.irv 


Regulate  the  outflow 
through  the  sluiceways 
to  maintain  pool  at  the 
desired  summer  range, 
if  possible,  until 
winter  drawdown  begins. 


The  operation  is  the 
same  as  that  for  stor¬ 
ing  the  spring  runoff 
during  the  spring 
breakup  period  except, 
in  the  summer  months, 
use  tlie  guide  curve  for 
summer  months. 


if  inflows  become  so  low 
that  the  reservoir  must 
be  lowered  below  the  de¬ 
sired  elevation,  so  far 
as  practicable  the  reser¬ 
voir  shall  in*  maintained 
above  an  elevation  of 

1270.42.  The  flow  shall 
lie  governed  by  the  Secre¬ 
tary  of  the  Army's  regu¬ 
lation  that  the  average 
annual  discharge  shall 
no'  be  reduced  below 

200  .  rs.  Tf  the  reser¬ 
voir  is  at  or  below  the 
minimum  elevation  of 

1270.42,  no  discharge 
other  than  the  minimum 
specified  above  shall  he 
permitted  except  such 
increased  discharge  as 
mav  spec i I  i .  a  I  1 v  he 

di  1  e.-i  ,  d  hv  t  tie  Thief 

o!  engineers. 


*  The  State  of  Minnesota's  plan  of  operation  shall  he  effective  only 
when  the  reservoirs  are  not  functioning  for  the  primary  purposes  of  navi¬ 
gation  and  flood  control. 
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Table  B-4  -  Regulation  schedule  -  Sandy  Lake  Dam  and  Reservoir 

Reservoir 

Regulation  elevation 

schedule _ Condition _ (feet) _ Operation 


Routine  operation 


After  Labor 

Day 

Winter 

1216.56- 

The  Reservoir  Regulating 

to  spring 
breakup  (1 
15  Feb) 

Oct  - 

drawdown 

1214. 31 

Section  shall  compute  the 
discharge  required  to 
lower  the  pool  to  mini¬ 
mum  operating  limit, 

elevation  1214.31,  before 
the  beginning  of  the  spring 
breakup,  usually  about  1  April. 
Periodic  checks  of  inflow  shall 
be  made  and  outflow  adjusted 
as  necessary.  If  the  draw¬ 
down  is  completed  before  the 
breakup  begins,  discharge  in¬ 
flow  until  spring  runoff 
starts.  *The  State  of  Minne¬ 
sota's  plan  of  operation  re¬ 
quires  the  discharge  to  be 
20  cfs  if  the  elevation  is 
below  1216.31. 

Spring  breakup  Storing  1214.31-  The  discharges  from  Sandy 

1221.31  Lake  and  Pokegama  Reservoirs 
shall  be  regulated  so  that 
the  ultimate  elevations  at 
these  two  reservoirs  and  at 
Aitkin  shall  result  in  eleva¬ 
tions  that  correspond  to  the 
guide  curve  for  spring  floods. 
Should  the  elevation  at  Sandy 
Reservoir  exceed  1221.31,  the 
dam  must  be  completely  opened, 
and  open  river  conditions  will 
exist  until  the  pool  drops  below 
1221.31,  maximum  and  ordinary 
operating  limit.  At  this 
elevation,  operation  should 
again  be  based  on  the  guide 
curve,  if  possible. 

*The  State  of  Minnesota's 
plan  of  operation  limits  the 
maximum  discharge  to  1,800  rfs 
if  the  reservoir  is  at  or  above 
the  desired  maximum  elevation 
of  1218. 31 . 
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Table  B-4  -  Regulation  schedule  -  Sandy  Lake  Dam  and  Reservoir  (cent) 

Reservoir 

Regulation  elevation 

_ schedule _ Condition _ (feet) _ _ _ Operation _ 


Routine  operation  (cont) 


End  of  spring 
breakup  to 
about  15  May 

Bringing 
reservoir 
to  desired 

1221. 31  to 
(1216.06- 
1216.56) 

summer 

range 

About  15  May 
to  Labor  Day 

Normal  summer 
operation 

1216.06- 

1216.56 

Flood  control 

Summer 

Large  runoff 

1216. Oh- 

Fall 

from  intense 

1221.  31 

or  prolonged 

1 2 1 A .  3 1  - 

Winter 

rainfall  or 

1221. 31 

winter  thaw 

121  A. 31- 
1221 . 31 

On  the  recession  of  the 
Inflow,  the  elevation  in 
Sandy  and  Pokegama  Reser¬ 
voirs  shall  he  governed  by 
the  guide  curve ,  if  pos¬ 
sible,  until  the  pool  has 
dropped  to  the  desired 
elevation.  (There  have 
been  only  a  few  times 
since  operation  started 
that  Sandy  Reservoir  has 
not  filled  to  above  the 
desired  summer  elevation.) 

Regulate  the  out  flow¬ 
through  the  lift  gates  and 
sluiceways,  if  necessary, 
to  maintain  pool  at  the 
desired  summer  range,  if 
possible,  until  winter 
drawdown  h  gins.  *The 
State  of  Minnesota's  plan 
of  operation  requires  the 
discharge  to  be  20  cfs  if 
the  elevation  is  below 
1216.11 . 


The  operat ion  is  the  same 
as  that  for  storing  t he 
spring  runoff  during  the 
spring  breakup  period 
except,  if  during  the  sum¬ 
mer  months,  use  the  guid. 
curve  for  summer  months. 


Water  supply  and  conservation 

brought  Very  low  1216. 56- 

in  f  1  ows  1  2 1 A . 11 

or  lower 
if 

neressarv 


If  inflows  ''oi  emu  so  I  ow 
that  the  tesi-rvnir  must 
lowered  below  the  desiled 
e ! ova t  I  on ,  so  tar  as 
practicable  tin-  reservoir 
shall  he  maintained  ih.-'e 
an  elevation  cl  I 1  A  .  1 1  . 
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Table  B-4  -  Regulation  schedule  -  Sandy  Lake  Dam  and  Reservoir  (cont) 

Reservoir 

Regulation  elevation 

schedule _ Condition _ (feet) _ Operation _ 

Water  supply  and  conservation  (cont) 


The  flow  shall  be  governed 
by  the  Secretary  of  the 
Army's  regulation  that  the 
average  annual  discharge 
shall  not  be  reduced  below 
80  cfs.  If  the  reservoir 
is  at  or  below  the  minimum 
elevation  of  1214.31,  no 
discharge  other  than  the 
minimum  specified  above 
shall  be  permitted  except 
such  increased  discharge 
as  may  specifically  be 
directed  by  the  Chief  of 
Engineers.  *The  State  of 
Minnesota's  plan  of  opera¬ 
tion  requires  the  discharge 
to  be  10  cfs  if  the  elevation 
is  below  1214.31,  minimum 
elevation,  and  20  cfs  if  the 
elevation  is  between  1234.31 
and  1216.31.  When  larger 
flows  are  required  at  the 
minimum  elevation,  the  dis¬ 
charge  may  be  increased  if 
authorized  by  the  Commis¬ 
sioner  of  the  Department  of 
Natural  Resources  and  the 
maximum  shall  be  200  cfs. 


*The  State  of  Minnesota's  plan  of  operation  shall  be  effective  only 
when  the  reservoirs  are  not  functioning  for  the  primary  purposes  of 
navigation  and  flood  control. 

Minnesota  Department  of  Natural  Resources  regulation  of  Sandy  hake  Reservoir 
Elevation  in  feet  Maximum  discharge  in  cfs  if  authorized  by  the 

19 29  ad  1 . _ Commissioner  of  the  Department  of  Natural  Rest u irces 


1207.31 

10 

1208. 31 

20 

1209. 31 

40 

1210.31 

60 

1211.31 

80 

1212. 31 

100 

1213. 31 

150 

1214.31 

200 

1215. 31 

400 

1216.31** 

1  ,400 

1217. 31 

2 , 400 

1218.31 

3,800 

1219. 31 

3,800 

**  Most  desirable  elevation  for  recreational  purposes. 
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Table  B-5  -  Regulation  schedule  -  Pine  River  Dam  and  Reserve 

Reservoi r 

Regulation  elevation 

schedule _ Condition _ (feet) _ _ _ Ope  rat  ion 


Routine  operation 


After  Labor  Day  Winter 
to  spring  breakup  drawdown 


Spring  breakup  Storing 

period  spring 

runof f 


1229.57- 
1227. 32 


1227.32- 
12 31 . 32 


The  Water  Contra  1  Sect  1  or. 
shall  .-ampule  t  he  dis.-i.irg-- 
required  t>-  lowi-r  th>  poo' 


to  spring  h-’-.  i  ,  1 3  7  7. 
e  1  evnt  Ion,  !  •  ''or--  '  !  -  1  • 

ginning  of  *  h.  spring 
breakup,  usual  1”  about 
1  Apr;  !  .  r:  odi .  o'le.-k 


of  in'  .  •  shall  S  c  made  and 

'•at  flow  .0  lusted  as  m  oes- 
snrv.  i  t  the  -drawdown  is 
eomplet--  be  for.  t ’no  hr.  ak  up 
begins,  discharge  iut  low 
t  i  1  spr!  r.g  runof  f  -,r  art  ■■ . 
*The  Slat.-  of  i  nii-s  •  t  a  ' 
plan  of  op.-Viti  on  requires 
t  lie  .{is.  barge  "  •  •  i<;  ,  r  - 
if  t  -■■>•  oli  vat  to:',  is  -  ,  •  v  .■ 

17.  .  17  I..''-. 


..'1  0.1}  t  ■  t  -  -  •  *  up  be  g  :  • 

retill,  e  'be  Oi:'  ’’  !  ow  1  •  1  : 

and  -  :  o-  -  I  a',  a::.  -  .<•'  in 

ini!  ■  -,■■■•:  '.  lie  :v"l  r--  -  " 

an  «•  le-at  i.-ti  ol  J . 

i  i  *  s ins!'.. •  r 
t  he  -,io.  ■  i  .  on t  i  u ...  s  :  ■  r  H.- 
abov.  17.  9.  17.  o  a.--  ••  :  '  1.  . 

I  In-  r.-s  r-.-oi  r  at  1  1  -  1  ’  1 

i-.Mid  :  t  i.-'s  sir,  1  1  no--.  . 

amour. !  o  ;  fit.  d  i  •- .  !•  .  . 

The  si-  at  --tit:  r 

t  he  -  ■  s  ■;  np  i  >  •  .  r. 

For  ’  ■' !  -  '  •  "  ’  b  ■  '  1 

(it  ;  .-  '  :  ’--e  rd  --  r 

i  ll  d.  •  ••  -  ■  '  :  •  g  ’  :  •  ' :  ’  !  i  o’  ■  . 

i  •  !  !■  :-  1  ' 

i  -  1 1  *  - .  ■  '  ■  !  i  a-  v  * 
s  t  at  i  ous  .  •  '  ■-  ’  ■■ 

he  s(  I  .  . I  !  •  ■;!  : 

max  i  it  s'-  t  •  i  :  t;  1  :  rd  ’  , 

17  11.-  -  l-  v  ’  i.-n  ,  is  ■  .  . 


H— bp 


1 

1 

4 

f 
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Table  B-5  -  Regulation  schedule  -  Pine  River  Dam  and  Reservoir  (cont) 

Reservoir 

Regulation  elevation 

schedule  Condition  _ (feet) _ Operation _ 


Routine  operation  (cont) 


Spring  breakup 
period  (cont) 


a;  out  15  May  Normal  1229.07- 

to  Labor  Day  summer  1229.57 

operat ion 


At  this  elevation,  increase 
discharge  to  inflow.  It 
the  inflow  becomes  greater 
than  the  discharge  capacity 
of  the  dam,  the  dam  shall 
be  completely  opened,  and 
open  river  conditions  will 
exist  until  regulation  at 
the  dam  is  again  possible. 
Discharge  shall  be  governed 
by  damage  within  the  reser¬ 
voir  and  downstream  condi¬ 
tions  until  the  spring 
breakup  is  completed. 

*The  State  of  Minnesota's 
plan  of  operation  limits 
the  maximum  discharge  to 
2,500  cfs  if  the  reservoir 
is  above  the  desired  maxi¬ 
mum  elevation  of  12  30.  32. 
After  the  reservoir  has 
filled  to  an  elevation  of 
at  least  1229.32,  and  it 
is  no  longer  necessary  to 
store  runoff  for  downstream 
damage  prevention,  the  Water 
Control  Section  shall  com¬ 
pute  the*  discharge  required 
to  lower  the  pool  to  the 
desired  summer  range 
(1229.07-1229.57)  by  about 
15  Mav,  if  possible.  (There 
have  been  only  a  few  times 
since  operation  started 
that  this  reservoir  has  not 
filled  to  above  the  desired 
summe r  e leva t i on . ) 

Hv  tlie  operation  of  tile 
sluice  gates  and  the  additioi 
or  removal  of  bulkheads,  if 
necessarv,  maintain  pool  at 
desired  summer  range  until 
winter  drawdown  begins. 

*The  State  of  Minnesota's 
plan  of  operation  requires 
the  discharge  to  be  30  cfs 
if  the  elevation  is  below 

1229. 32. 
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Table  B-5  -  Regulation  schedule  -  Pine  River  Dam  and  Reservoir  (cnnt) 

Reservoir 

Regulation  elevation 

schedule _ Condition _ (  feet) _ Opera  t  ion _ 


Flood  control 


Summer 

Large  runoff 

from  intense 

Fall 

or  prolonged 

rainfall  or 

W  inter 

winter  thaw 

Water  supply  and  conservation 

Drought  Very  low 

inflows 


1229.07- 

1231.32 

1227.32- 

1231.32 

1227.32- 

1231.32 


The  operation  is  the 
same  as  that  for  storing 
the  spring  runoff  during 
the  spring  breakup  period. 


1229.57- 
1225.32 
or  lower 
if 

necessar- 


I  f  inf  1  >v.s  become  so  1  ow 
that,  the  reservoir  must  be 
lowered  below  t  hi  desired, 
elevation,  so  far  as 
practicable  t  he  reserve i r 
shal 1  he  maintained  abovi  a; 
e  1  ova t  i on  of  1 2 r> .  .  The 

flow  shall  he  governed  hv 
tin-  Secrefcarv  ot'  t  h,  \rr— '  •• 
r  i  gu  1  at  i  eii  that  t  lie  on.  ■:  a  c 
a'.inn.i  1  d  i  so iiarge  s h  1 1  !  •.  ' 
he  reduced  'alow  90  ,  t 
i  t  t  in-  r  *  s,  r  v.  it  is  it  •* 

:  el,  v  the  mi  n  Jr.-urt  e! «  •  ‘  ion 

ef  ,  no  d  1  sc:  urge 

o’  !  he  r  in  i-.v.v 

■  ,  e  a is  V.  siia  !  d  p.-t  - 

; .  it  ’iii  ■  xcept  '-ach  i  n,  r.  o  ■  . 
d  i  s.  narge  a  -  r  iv  sr<  .  i  '  i  c  i  !  v 

e,-  d  i  r<  ct  e<i  hv  tie  i  !  :  ■  . 

I  v.g  i  Iieers.  *‘l  lie  St  . !  • 
Minnesota’s  p  !.m  of  opi  r  it  i>  n 
requ  i  r ei  t  iie  d  i  soil  a  ge  j  o  h. 

!  1  CIS  f  •  tile  eleV.lt  loll  1  ■■ 
hi  1  ■.  - .  h .  '  2  r-;  i  j-,  im  un  i  lee  .  - 

1  ,  e  c.  3ll  e  t  •,  i:  tile  e  i  e- 

i  o  .  ".-.'it.  n  :  i r g •  I  :  !  v. 

ii'i  :  »  .  at  the  "'ini  nun 

ele’.at  i"!l,  t  1  a  d  i  S.  h  itui  r.aV 
he  i  'ii  1  ■  a-  ed  i  t  autn  ri.'i  ’ 
t  i  e  C.  i:t  i  -.s  i  -a  :  .  1  the  Dtp  : 


*  !  lie  State  of  M  i  mifS"  t  a  ’  s  plan  of  opor.it  i  >r  si, a  !  ••  t  i”«  ;  i  " 

win  ‘t  ,  the  reservoirs  are  m . ;  |  mu  t  inn  i  m1  t  >r  lit*  p  r  i  in.  ■  t  '  rut:  ■  ■  ■-  1  1  c  .  c 

t  1  a  and  t  1  oinl  cdiit  i"l. 


H-bH, 


♦ 

< 

Minnesota  Department  of  Natural  Resources  regulation  of  Pine  River  Reservoir 

Maximum  discharge  in  cfs  if 
authorized  by  the 

Elevation  in  feet  Commissioner  of  the 

_ _ (1929  adj)  Department  of  Natural  Resources  _ 


1217.32 

15 

1218.32 

30 

1219.32 

40 

1220.32 

50 

1221.32 

60 

1222.32 

70 

1223.32 

80 

1224.32 

90 

1225.32 

100 

1226.32 

200 

1227.32 

300 

1228.32 

400 

1229.32** 

500 

1230.32 

2,500 

1231. 32 

2,500 

**  Most  desirable  elevation 

for  recreaC ional  purposes. 

Table  B-6  -  Regulation  schedule  -  Gull  Lake  Dam  and  Reservoir 


Regulation 

schedule 

Condition 

Reservoir 

elevation 

(feet) 

Ope  rat  i 

on 

Routine  operation 

Af  ter  Labor  Day 

Winter 

1 194.00- 

The  Water  Control  S 

tv  t  i  i 

■  n 

to  spring  breakup 

drawdown 

1192.75 

shall  compute  the  d 

i  sell; 

5. 

(1  Oct  -  15  Feb) 

required  to  lower  t 

lie  p. 

t  i  t  . > 

minimum  operating  1 

im  i  t  , 

1192.75,  before  the 

beg 

i  r.n  i  n»: 

of  the  spring  break 

up,  ' 

i  m  :  a)  1  v 

about  1  April.  Per 

i  i ' 

checks  of  inflow  sh 

all  ! 

made  and  outflow’  .id 

i  1 1  s  t  • 

> 5  .  i  ^ 

necessary.  If  the 

d  r  ivi 

i«  'Vi' 

is  completed  before  tin 
breakup  begins,  dis>  h.irgt 
inflow  unt  il  sp rim*  niiV'l  f 
start  s .  *The  St.it  <  of 

Minnesota’s  plan  of  opcr.it  io: 
requires  the  disi  iiarce  t  -  :■> 
20  cfs  if  the  el  ov.it  i  on  i 
he  1  ov  1  1 11 .  7  ’ . 
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Tab  I  e  B-b  -  Regulation  schedule  -  Cull  Lake  Dam  and  Reservoir  (com) 

Reservoir 

Regulation  elevation 

schedule _ Condition _ (feet)  _ ■  tpe  rat  i  on _ 


Tout  ini-  operation 

( cent) 

Spring  breakup 

Storing 

I 192. 75- 

Wtien  the 

breakup  begins 

per iod 

spring 

1194.75 

obtain  r 

unot  f  frort; 

run of f 

plate-  a  9 

and  eoinpute 

i  n  f  !  ’V  . 

It  is  desi rah ! 

to  raise 

t  be  pool  to 

sumntT  r 

ange,  li  9  t .  7 a 

to  1194. 

1)0  e  1  .  vat  ion. 

and  ^  '  rave  eh ange  .  • 

put  e  .  ut  f  1  i'W .  Win  n  t  in 
poo!  reaches  1  1  9  3 . 7 1>  tt 
ll.l)4.00,  discharge  inti 
if  downs t  roar  e  end  it  b't 


r^n: 

::  i  {  . 

11  it  is  neees: 

t  ^  ‘ 

;  r « *r 

e  :  1 .  vs  for  d<  ", 

s  t.  r  c 

mi:: 

prot  ee  t  i  on  ,  all  e\ 

tin.* 

yv'y 

1  to  rise  to  :-.a>: 

am: 

ord 

inarv  operating 

1  ini 

[  t_ 

1  194 .75  el  eva  t.  to: 

.a  ihi 

al 

this  . •  l  (".-.it  i  on 

a  lsi 

h.n* 

g.  i  nt  i  ov .  ’.ft  i 

inf! 

1  :'W 

Poeotties  greater 

t  lie  d  t  !m  rpe  oai'.io  i  t  y 
;■ 1  ,  .  tin  d art  Wm  1  1 

conp  i  i  t  e  ;  v  op.  tied  ,  a:id. 
•  •  1  ,  Vo  !'  :  •  j  •!’>> 

e>.  t  st  ant  i  !  ree'i !  >.t  i  •  v 
the  .la--;  is  egatv  p.v.v; 
Th.  rea  !  !. or  ,  .!  :  .- .  T: rg .. 
be  gov-  rta’d  by  dev:  ■  t  . 
vend,  i  t  i  on-  until  the  • 

I  ■■  o  ••int’es.  t 


1  ,  ■*!  a  !  '  V  tie 
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Table  B-6  -  Regulation  schedule  -  Gull  Lake  Dam  and  Reservoir  (cont) 

Reservoir 

Regulation  elevation 

schedule  Condition _ (feet) _ Operat  ion _ 


Routine  operation  (cont) 

End  of  spring  Bringing  1194.75  to 

breakup  to  reservoir  to  (1193.75- 

about  15  May  desired  sum-  1194.00) 

mer  range 


About  15  May  to  Ncrmal  sum-  1193.75- 
Labor  Day  mer  operation  1194.00 


Large  runoff  1193.75- 

from  intense  1194.75 

or  prolonged  1192.75- 

rainfall  or  1194.75 

winter  thaw  1192.75- 

1194.75 


Flood  control 
Summer 

Fall 


After  the  reservoir  has 
been  filled  to  the  de¬ 
sirable  summer  range, 

1193.75  to  1194.00 
elevation,  and  it  is 
no  longer  necessary  to 
store  runoff  for  down¬ 
stream  damage  preven¬ 
tion,  discharge  inflow. 
If  it  has  been  necessary 
to  fill  the  reservoir 
above  the  desired  summer 
range,  the  1’ater  Control 
Section  shall  determine 
the  discharge  required 
to  gradually  lower  the 
pool  to  the  summer 
range  at  a  rate  that 
will  not  endanger  spawn¬ 
ing  fish  and  nesting 
waterfowl . 

Regulate  the  outflow  to 
maintain  the  pool  at  the 
desired  summer  range, 

1193.75  to  1194.00  ele¬ 
vation,  if  possible, 
until  winter  drawdown 
begins.  *The  State  of 
Minnesota's  plan  of 
operation  requires  the 
discharge  to  be  20  cfs 
if  the  elevation  is 
below  1193.85. 


The  operation  is  the 
same  as  that  for  storing 
the  spring  runoff  during 
the  spring  breakup 
peri od . 


Winter 


Table  B-6  -  Regulation  schedule  -  Gull  Lake  Dam  and  Reservoir  (cent) 

Reservoir 

Regulation  elevation 

_ schedule _ Condition _ (feet) _ Operation _ 


'.vaster  supply  and  conservation 

Drought  Very  low 

inflows 


1194. DO- 
1192. 75  or 
lower  if 
necessary 


If  inflows  become  so 
low  that  the  reservoir 
must  be  lowered  below 
desired  stage,  so  far 
as  practicable  the 
reservoir  shall  he  main¬ 
tained  above  an  elevation 
of  1192.75.  The  flow 
shall  be  governed  by  the 
Secretary  of  the  Army's 
regulation  that  t : . 
annual  average  discharge 
shall  not  be  reduced  be¬ 
low  30  cfs.  If  the  reser¬ 
voir  is  it  or  below  the 
mi nitnum  e  1  evat  ion  o  f 
1192.75,  no  discharge 
other  than  the  minimum 
specified  above  shall  1.. 
permitted  except  sue- 
ini’ reused  discharge  a-  rr.a” 
spec  i  *'ica  1  1  y  he  d.  i  net  id 
bv  the  Ciiief  of  Km:  ineers. 
*Tiie  State  c,f  Minm  seta’s 
p  lan  of  ore  rat  ion  i  eqw  i  •  • 
t  he  d  i  sc  ha  rg«.  t  o  be  •'  ,  • 
i  f  the  e  1  ev  !  1  i  <  :i  i  1 
M  °2. 75  ,  mi  n  i  r:t:m  «  lev  ft  ie:;, 
and  20  of  s  i  t  t  he  e  1 .  v.i t  i  >  :: 
is  between  1192.7’'  .mil 
,l0!.c'5.  When  greater  :  low 
: ;  ■  cqu i  r .  d  at  m  i  n imum 

e  1  t  it  io:  ,  tile  d  i  s,  :  I  1  gi 
JI.1V  he  i  !'(■  reused,  [  :  1 1  hor- 

i  Zed  i  v  :  he  ear;:::  i  ss  : ,  ::er  e ' 
the  hi  :\i  rt  men  t  o  f  \  ,t  or  a  ' 

Ri  s.  a  ]  and  : ..  m.  i \  i  •:  u"’ 

sha i 1  hi  i 00  , is. 


*  The  State  of  Minnesota's  plan  of  operation  shall  be  if  festive  • 
the  reservoirs  are  not  functioning  for  the  primarv  purpose  of  navig.-.t 
f I aod  control . 
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Minnesota  Department  of  Natural  Resources  regulation  of  Gull  Lake  Reservoir 

Maximum  discharge  in  cfs  if 
Elevation  authorized  by  the  Commissioner 

_ in  feet _ of  the  Department  of  Natural  Resources _ 


1190. 75 

10 

1191.25 

20 

1191.75 

40 

1192.25 

60 

1192. 75 

100 

1193.25 

200 

1 193.75 

400 

1 193.85** 

1194.25 

600 

1194.75 

1,000 

1195.25 

1,400 

**  Most  desirable  stage  for  recreational  purposes. 
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PURPOSE  WD  SCOPE 

This  section  is  provided  to  familiarize  study  area  officials 
with  floodplain  management  measures  available  for  reducing  flood 
losses  and  with  the  area's  relationship  to  existing  and  future  flood 
loss  potential.  The  combined  solutions,  involving  nonstructural  and 
structural  measures,  are  all  required  to  insure  proper  management  of 
the  floodplain  and  to  minimize  future  flood  losses.  This  section  de¬ 
scribes  measures  local  governments  can  take  to  control  land  use  and 
development  and  thus  reduce  the  flood  threat  in  the  residual  floodplain 
not  afforded  flood  protection. 

AVAILABLE  DATA 

Detailed  information  concerning  the  flood  situation  in  the  study 
area  includes  the  following: 

a.  A  June  1975  Flood  Plain  Information  Report  for  the  Mississippi 
River  and  Ripple  River  at  Aitkin,  Minnesota,  was  prepared  by  the  St.  Paul 
District,  Corps  of  Engineers.  This  report  has  detailed  floodplain  and 
profile  maps  for  the  Aitkin  area  from  river  mile  1046.8  to  1061.6  on 

the  Mississippi  River  and  from  river  mile  0  to  5.7  on  the  Ripple  River. 
The  report  shows  this  information  for  the  100-year  and  standard  project 
floods. 

b.  A  review  draft,  "Flood  Insurance  Study  and  Flood  Insurance 
Rate  Map,"  by  the  U.S.  Department  of  Housing  and  Urban  Development, 
Federal  Insurance  Administration,  dated  May  1977,  summarizes  flood 
hazard  information  for  the  unincorporated  areas  of  Itasca  County, 
Minnesota.  Detailed  study  areas  include  Pokegama  Lake,  Blackwater  Lake, 
Cutoff  Lake,  Little  Jay  Gould  Lake,  Jay  Gould  Lake,  and  the  Mississippi 
River  reaches  from  the  west  Grand  Rapids  city  limits  to  the  Pokegama 
Lake  Dam,  and  from  the  Pokegama  Lake  Dam  to  Blackwater  Lake.  Other 
Mississippi  River  reaches,  the  Prairie  River,  and  Swan  River  were 
studied  by  approximate  methods. 
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c.  A  current  study  by  the  Department  of  Housing  and  Urban 
Development  will  establish  actuarial  rates  for  both  urban  and  rural 
Aitkin  County  flood  prone  areas  by  late  1979  or  early  1980. 

d.  A  Flood-Prone  Area  Map  for  the  Cohasset  and  Grand  Rapids 
areas  prepared  by  the  U.S.  Geological  Survey  (1974  and  1969). 

e.  A  Flood  Hazard  Boundary  Map  for  Grand  Rapids,  prepared  by 
the  Federal  Insurance  Administration,  1976. 

f.  A  Flood  Hazard  Boundary  Map  for  the  city  of  Warba,  prepared 
by  the  Federal  Insurance  Administration,  1975. 

g.  Detailed  information  concerning  floodplain  rules  and  regu¬ 
lations  is  contained  in  chapter  7  of  "Rules  and  Regulations  of  the 
Department  of  Natural  Resources,"  dated  October  1970  and  established 

in  accordance  with  section  104.05  of  the  1969  Minnesota  statutes.  This 
information  served  as  a  guide  for  this  appendix. 

METHODS  OF  FLOOD  DAMAGE  REDUCTION 

Land  use  controls  and  other  measures  which  can  be  implemented  by 
local  governments  and  individuals  to  guide  future  floodplain  develop¬ 
ments  are  as  important  as  structural  measures  in  preventing  future 
flood  damages.  Before  local  ordinances  can  be  adopted,  technical  data 
must  be  developed  for  delineation  of  floodplains  and  floodways  along 
watercourses.  The  local  ordinances  are  designed  to  include  provisions 
for  preserving  the  capacity  of  the  floodplain  to  carry  regional  flood 
flows,  minimizing  flood  hazards,  and  regulating  the  use  of  floodplain 
lands.  In  Minnesota,  local  floodplain  management  ordinances  and  subse¬ 
quent  modifications  are  subject  to  approval  of  the  Commissioner  of  the 
Department  of  Natural  Resources.  Methods  of  regulating  floodplain  land 
use  and  development  and  other  possible  means  of  reducing  or  preventing 
future  flood  damages  are  described  in  later  paragraphs. 
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CONTROL  OVER  THE  LAND 


Floodplain  regulations  imply  that  communities  adopt  and  use 
legal  tools  to  control  the  extent  and  types  of  future  development 
permitted  in  floodplains.  For  these  controls  to  be  effective,  the 
public  must  understand  the  flood  problem,  the  degree  of  risk,  and 
the  methods  that  can  be  used  to  control  land  use. 

Designated  Floodways  and  Encroachmpn t  Lines 

A  designated  floodway  is  the  area  of  the  channel  and  those  por¬ 
tions  of  the  floodplain  adjoining  the  channel  which  are  reasonably 
required  to  carry  the  regional  flood.  The  regional  flood  is  one  that 
can  reasonably  be  expected  to  occur  in  Minnesota  on  an  average  fre¬ 
quency  of  1  percent  or  100-year  recurrence  interval.  Any  proposed 
flood  control  works  in  urban  area  floodplains  are  to  be  constructed 
to  3  feet  above  the  regional  flood  elevation  or  equal  to  the  standard 
project  flood  elevation,  whichever  is  greater.  Encroachment  lines 
are  the  lateral  boundaries  of  the  floodway,  one  on  eacli  side  of  the 
channel.  In  general,  neither  construction  nor  land  filling  which  would 
interfere  with  passage  of  floodwaters  as  specified  in  State  regulations 
should  be  permitted  between  these  defined  encroachment  lines.  A 
schematic  drawing  of  a  typical  stream  floodplain  is  shown  on  plate  (1-1. 

Zoning 


Zoning  is  the  legal  tool  used  to  implement  and  enforce1  the  detailed 
plans  resulting  from  the  planning  program.  It  is  used  by  communities, 
counties,  and  State  agencies  to  control  and  direct  use  and  development 
of  land  and  property  within  their  jurisdiction.  Zoning  insures  the 
safekeeping  of  property  for  public  health  and  welfare  and  the  best  use 
of  available  land.  Division  of  communities  into  various  zones  should  be 
the  result  of  a  comprehensive  planning  program  for  the  entire  area. 
Designated  floodways  may  be  zoned  for  passing  floodwaters  and  for  other 
limited  uses  that  do  not  conflict  with  that  primary  purpose.  Zoning 
may  also  establish  regulations  for  floodplain  areas  outside  the  floodway, 
including  designated  elevations  below  which  certain  types  of  development 
cannot  be  constructed. 


Subdivision  Regulations 


A  subdivision  is  a  tract  of  land  divided  into  lots  for  sale 
or  building  development.  Local  governments  use  subdivision  regulations 
to  specify  the  manner  in  which  land  may  be  divided.  These  regulations 
state  the  requirements  for  width  of  streets,  curb  and  gutter,  size  of 
lots,  elevation  of  land,  freedom  from  flooding,  size  of  floodways,  and 
other  points  pertinent  to  the  welfare  of  the  community.  Not  only  can 
public  health  and  welfare  benefit,  but  municipal  costs  such  as  mainte¬ 
nance  of  streets  and  utilities  can  be  reduced.  Subdivision  regulations 
provide  an  efficient  means  of  controlling  construction  in  presently  un¬ 
developed  floodplain  areas.  The  following  typical  provisions,  if  added 
to  local  regulations,  would  help  prevent  flood  damage: 

a.  Show  the  extent  of  the  floodplain  on  subdivision  maps. 

b.  Show  the  floodway  limits  or  encroachment  lines. 

c.  Prohibit  fill  in  the  floodway  that  would  restrict  flow. 

d.  Require  that  subdivision  roads  be  above  the  elevation  of  a 
selected  flood  level. 

e.  Require  that  each  lot  contain  a  building  site  with  an  eleva¬ 
tion  above  a  selected  flood  level. 

Building  Codes 

A  building  code  is  a  set  of  regulations  adopted  by  a  local 
governing  body.  The  code  sets  forth  standards  for  construction  of 
buildings  and  other  structures  to  protect  the  health,  safety,  and 
general  welfare  of  the  public.  A  well-written  and  properly  enforced 
building  code  can  effectively  reduce  damages  to  buildings  in  the  flood¬ 
plain.  A  few  of  the  requirements  which  should  be  specified  in  a 
building  code  to  reduce  flood  damages  are: 
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a.  Prevent  flotation  of  buildings  from  their  foundations  by 
requiring  proper  anchorage. 

b.  Establish  basement  elevations  and  minimum  first-floor 
elevations  consistent  with  potential  floods. 

c.  Require  sufficient  structural  strength  to  withstand  water 
pressure  or  high  velocity  of  flowing  water. 

d.  Restrict  the  use  of  materials  which  deteriorate  rapidly  when 
exposed  to  water. 

e.  Prohibit  equipment  that  might  be  hazardous  to  life  when  sub¬ 
merged,  such  as  chemical  storage  tanks,  boilers,  or  electrical 
equipment. 

FLOOD  PROOFING 

Flood  proofing  is  a  combination  of  structural  changes  and  adjust¬ 
ments  to  properties  subject  to  flooding,  primarily  meant  to  reduce  or 
eliminate  flood  damages.  Although  more  simply  and  economically  applied 
to  new  construction,  flood  proofing  is  also  applicable  to  existing 
facilities.  It  has  promise  in  one  or  more  of  the  following  situations: 

a.  Moderate  flooding  with  low  stage,  low  velocity,  and  short 
duration  is  experienced. 

b.  Traditional  flood  protection  is  not  feasible. 

c.  Individuals  desire  to  solve  their  flood  problems  without 
collective  action  or  collective  action  is  not  possible. 

d.  Activities  dependent  on  river  or  stream  locations  need  some 
degree  of  protection. 
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e.  A  resource  manager  desires  a  higher  degree  of  protection 
than  that  provided  by  a  flood  control  project. 

Plates  C-2  and  C-3  illustrate  common  flood  proofing  actions  used  to 
protect  buildings  in  the  floodplain. 

FLOOD  WARNING  AND  FORECASTING  SERVICES 

Flood  warning  and  'orecasting  services  for  the  study  area  are 
provided  by  the  National  Weather  Service  Forecast  Office  in 
Minneapolis,  Minnesota.  Daily  stage  readings  and  crest  forecasts 
are  available  at  that  office  for  dissemination  to  the  public  throng!) 
Associated  Press  and  United  Press  International  wires  or  via  local 
wires  and  telephone  to  newspapers,  radio  and  television  stations,  the 
State  Civil  Preparedness  Office,  and  the  St.  Paul  District,  Corps  of 
Engineers.  In  general,  flood  stages  and  crest  forecasts  for  the 
area  are  provided  24  to  36  hours  in  advance.  However,  the  warning 
time  varies  depending  on  the  intensity,  duration,  distribution  pattern, 
antecedent  conditions,  and  time  of  occurrence  of  rainfall.  In  the 
case  of  snowmelt  flooding,  accurate  advance  assessment  of  the  potential 
for  severe  area  flooding  could  prevent  loss  of  life  and  possibly  reduce 
property  losses.  Sufficient  warning  time  is  available  for  snowmelt  and 
rainstorm  peak  runoff  in  the  Mississippi  River  Headwaters  Lakes  and 
Aitkin  area  streams. 

TEMPORARY  EVACUATION 

Temporary  evacuation  of  persons  and  property  from  the  path  of 
floodwaters  is  another  important  aspect  of  flood  loss  reduction.  When 
a  flood  is  expected: 

a.  Buildings  can  be  evacuated. 

b.  Materials  can  either  be  raised  above  floodwaters  or  moved 
to  high  ground. 
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c.  Emergency  protective  measures  can  be  undertaken 

d.  Flood  fighting  and  relief  agencies  can  be  notified. 

PERMANENT  EVACUATION 

Permanent  evacuation  of  developed  areas  subject  to  inundation 
involves  purchase  of  lands,  removal  of  improvements,  and  relocation 
of  the  population  from  such  areas.  Lands  acquired  in  this  manner  could 
be  used  for  hiking  trails,  parks,  or  other  purposes  that  would  not 
interfere  with  flood  flows  or  result  in  material  damage  from  floods. 

OPEN  SPACES 

Great  emphasis  is  being  placed  on  the  growing  need  for  areas  for 
recreation  and  other  open-space  uses.  Areas  adjacent  to  streams  and 
other  bodies  of  water  have  a  natural  attraction  and  are  readily 
adaptable  to  recreation.  Lands  not  suitable  for  facilities  requiring 
permanent  structures  could  be  used  for  parks,  picnic  areas,  and  play¬ 
grounds.  A  number  of  localities  throughout  the  country  are  using 
floodplains  for  such  purposes  and  are  reaping  secondary  benefits  from 
flood  damage  prevention.  Federal  grants  are  available  to  assist 
communities  with  acquisition  of  open  spaces  when  it  is  linked  with  a 
comprehensive  planning  program. 

URBAN  DEVELOPMENT  AND  RENEWAL 

Urban  renewal  can  be  used  in  flood  blighted  areas  that  drain 
the  economic  life  and  welfare  of  the  community  and  do  not  lend  them¬ 
selves  to  other  methods  of  regulation  and  control.  The  Federal  urban 
renewal  program  provides  substantial  assistance  to  municipalities 
burdened  with  such  conditions.  Federally  financed  plans  for  projects 
provide  guidelines  for  private  and  governmental  financial  commitments. 
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WARNING  SIGNS 


A  method  which  may  be  used  to  discourage  development  is  the 
erection  of  flood  warning  signs  in  the  floodplain  area  or  the 
prominent  posting  of  previous  high  water  levels.  These  signs  carry 
no  enforcement  but  simply  inform  prospective  buyers  that  a  flood 
hazard  exists. 

CONSTRUCTION  FINANCING 

The  Flood  Disaster  Protection  Act  of  1973  requires  flood  insur¬ 
ance  on  all  Federal  or  federally  assisted  financing  of  buildings 
in  flood  prone  areas.  Flood  insurance  for  individual  buildings  is 
obtained  from  actuarial  rates  determined  from  detailed  floodplain 
surveys.  The  act  states  that  communities  that  do  not  participate 
in  the  flood  insurance  program  will  be  ineligible  for  all  Federal 
loans  and  grants  and  mortgage  loans  from  federally  insured  or 
regulated  lending  institutions  for  the  construction  or  acquisition 
of  buildings  in  identified  floodplains.  With  this  requirement, 
the  Federal  Government  takes  the  stand  that,  for  humane  and  economic 
reasons,  it  will  not  finance  a  building  in  a  known  flood  prone  area 
unless  it  is  protected  by  flood  insurance.  In  this  way,  new  con¬ 
struction  in  flood  hazard  areas  can  be  controlled  and  resulting 
increases  in  future  flood  damages  may  be  prevented. 

From  1969  through  31  December  1977,  the  Federal  Flood  Insurance 
Progr  .m  was  administered  through  a  consortium  of  132  insurance  com¬ 
panies  under  contract  to  the  Department  of  Housing  and  Urban  Develop¬ 
ment.  On  1  January  1978,  a  single  firm.  Electronic  Data  Systems, 
took  over  the  administration  of  the  Federal  Flood  Insurance  Program, 
under  contract  with  the  Department  of  Housing  and  Urban  Development. 


FLOOD  INSURANCE 


Flood  insurance  does  not  prevent  or  reduce  flood  damages  but, 
if  established  on  a  sound  and  equitable  basis,  it  could  relieve  the 
financial  burden  of  flood  damages  and  provide  another  supplement  to 
programs  for  reducing  flood  damages.  However,  insurance  rates  should 
realistically  reflect  the  flood  risk  to  discourage  improper  develop¬ 
ment  of  floodplains.  The  Flood  Disaster  Protection  Act  of  1973  estab¬ 
lishes  a  program  of  Federal  assistance  for  flood  insurance  to  be 
related  to  a  unified  national  program  for  floodplain  management.  The 
act  expands  and  improves  the  1968  Flood  Insurance  Program  by: 

a.  At  least  doubling  the  limits  of  insurance  coverage. 

b.  Extending  the  emergency  program  for  2  years,  thus  assuring 
that  individuals  and  communities  can  continue  to  obtain  flood  insurance 
that  would  otherwise  not  be  available. 

c.  Removing  the  limit  on  the  total  amount  of  insurance  which 
can  be  written. 

d.  Creating  incentives  for  flood  prone  communities  to  enter  the 
program  and  thereby  make  insurance  available  to  the  citizens. 

e.  Requiring  insurance  on  all  Federal  or  federally  assisted 
financing  of  buildings  in  flood  prone  areas. 

f.  Accelerating  the  completion  of  rate  studies  for  flood  prone 
communities. 

g.  Establishing  explicit  procedures  for  communities  wishing  to 
appeal,  on  a  technical  basis,  the  Department  of  Housing  and  Urban 
Development's  flood  elevation  determinations  for  land  use  purposes. 


With  these  measures  the  National  Flood  Insurance  Program  is  able 
to  provide  the  certainty  of  financial  protection  for  anyone  who  decides 
that  it  is  necessary  to  build  in  flood  prone  areas.  Communities  are 
required  to  strengthen  their  commitments  to  flood  preventive  efforts, 
thus  lessening  the  disastrous  results  of  flooding  and  easing  the 
burden  on  all  taxpayers. 

The  National  Flood  Insurance  Program  is  divided  into  two  parts: 

(1)  the  emergency  program  and  (2)  the  regular  program.  Under  the 
emergency  program,  designated  flood  hazard  communities  obtain  flood 
insurance  at  a  flat  or  subsidized  rate.  Communities  participating  in 
the  emergency  program  must  have  been  involved  before  1  July  1975 
(later  extended  to  1  July  1976)  to  be  eligible  for  future  flood 
disaster  relief  loans.  Communities  participating  in  the  regular  pro¬ 
gram  use  actuarial  flood  insurance  rates  determined  from  detailed  flood- 
plain  surveys. 

Under  the  emergency  program,  flood  insurance  at  subsidized  rates  is 
available  on  structures  in  Minnesota  in  amounts  up  to  $35,000  for  single 
family  dwellings  and  $100,000  for  multifamily  and  nonresidential  structures. 
Insurance  on  contents  is  available  up  to  $10,000  for  residential  units 
and  $100,000  for  nonresidential  units. 

Under  the  regular  program,  coverage  up  to  double  the  above  amounts 
will  be  available  at  subsidized  or  actuarial  rates.  Individual  counties 
and  communities  will  participate  in  the  regular  flood  insurance  program 
using  actuarial  rates  when  floodplain  surveys  are  completed  and  regula¬ 
tions  are  developed. 

BRIDGES 

Community  expansion  brings  the  desire  for  more  stream  crossings.  From 
a  construction  standpoint,  perhaps  the  most  economical  method  of  providing 
crossings  consists  of  roadways  on  earth  embankments  with  a  small  bridge 
or  culvert  to  pass  streamflows.  However,  this  is  often  the  least  desirable 
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method  from  a  flood  damage  point  of  view.  If  the  structure  is  kept 
at  a  low  elevation,  it  is  frequently  overtopped  and  fails  to  serve 
its  purpose.  If  the  roadway  is  kept  high  above  the  floodplain,  it 
will  act  as  a  dam  and  increase  flood  stages  upstream  unless  the  water¬ 
way  opening  is  adequate.  Therefore,  all  future  stream  crossings  in 
the  study  area  should  be  designed  to  provide  adequate  waterway  open¬ 
ings,  overhead  clearances,  and  roadway  heights. 

FLOODPLAIN  REGULATIONS 

The  State  of  Minnesota  has  a  floodplain  regulation  law  t. at  re¬ 
quires  counties  and  cities  in  flood  prone  areas  to  adopt,  enforce,  and 
administer  sound  floodplain  management  ordinances  within  their  juris¬ 
diction  whenever  sufficient  technical  information  is  available  for 
delineation  of  floodplains  aid  floodways  on  their  watercourses.  Suffi¬ 
cient  detailed  technical  information  is  available  to  properly  define  the 
flood  hazard  areas  and  to  develop  floodplain  regulations  for  the  following 
locations  in  the  study  area:  cities  of  Aitkin,  Cohasset,  Grand  Rapids, 
and  Warba,  Minnesota. 

Waterways  and  adjacent  wetlands  are  under  the  jurisdiction  of  the 
Corps  of  Engineers  for  placement  of  dredged  or  fill  material.  The 
permit  authority  stems  from  Section  404  of  the  Clean  Water  Act.  Any¬ 
one  wishing  to  place  dredged  or  fill  material  in  any  of  the  qualifying 
streams  or  adjoining  wetlands  should  contact  the  St.  Paul  District 
Regulatory  Functions  Branch.  Any  required  section  404  permit  applica¬ 
tion  would  be  processed  jointly  with  the  appropriate  State  permit 
application.  Some  projects  may  be  covered  by  a  nationwide  permit  and 
this  could  be  confirmed  by  the  St.  Paul  District  on  a  case-by-case  basis. 

FLOODPLAIN  REGULATION  AND  FLOOD  INSURANCE  AS  AN  ALTFRNAT 1VE 
TO  STRUCTURAL  IMPROVEMENTS 

Floodplain  regulation  prevents  r  reduces  future  r ! nod  damages 
by  regulating  new  development  in  existing  floodplain  areas.  '  !  ■  ■ 
insurance  does  not  prevent  flood  damages  but  only  reinhut 
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owners  for  losses  sustained  from  floods.  Flood  insurance  could 
provide  a  limited  form  of  protection  for  flood  prone  sections  of  the 
study  area,  especially  if  used  in  conjunction  with  floodplain  regula¬ 
tion  on  new  development. 

Floodplain  regulation  and  flood  insurance,  plus  existing  struc¬ 
tural  improvements  and  flood  forecasting  and  warning  services,  provide 
the  current  flood  reduction  plan  for  the  study  area  because  of  the 
high  costs  of  any  structural  solutions. 

SHORELAND  REGULATIONS  IN  THE  MISSISSIPPI  RIVER  HEADWATERS  AREA 

Regulations  which  control  lakeshore  land  use  in  the  Mississippi 
River  Headwaters  area  include:  the  1969  Shoreland  Management  Act, 
Minnesota's  lake  classification  system,  individual  county  zoning 
ordinances,  and  Federal  navigation  and  pollution  control  laws. 

The  1969  Minnesota  Shoreland  Management  Act  outlines  the  minimum 
standards  and  criteria  for  management  of  the  lakeshores.  The  enforce¬ 
ment  function  is  delegated  to  local  government  units,  which  must 
adopt  and  implement  ordinances  to  meet  these  minimum  standards.  State 
participation  in  the  process  occurs  only  when  the  local  governments 
have  failed  to  meet  and  enforce  the  minimum  standards. 

The  Minnesota  Department  of  Natural  Resources  rarely  intervenes 
in  the  local  enforcement  of  the  Shoreland  Management  Act.  Each  county 
has  its  own  ordinances  and  field  inspectors  who  have  complete  control 
over  individual  permits,  exceptions,  and  variances.  The  Department 
steps  in  on  decisions  involving  existing  substandard  sewage  treatment. 


The  Shoreland  Management  Act  affects  all  land  within  1,000  feet 
of  a  lake,  pond,  or  flowage  and  within  300  feet  of  a  river  or  stream. 
The  act  provides  for  classification  of  the  lakes  on  the  basis  of  size 


crowding  potential,  amount  and  type  of  existing  development, 
existing  natural  characteristics,  and  county  and  regional  public 
water  needs.  The  four  classes  of  lakes  are:  Natural  Environment 
Lakes  and  Streams,  Recreational  Development  Lakes  and  Streams,  General 
Development  Lakes  and  Streams,  and  Critical  Lakes. 

Natural  Environment  waters  are  assigned  the  most  stringent 
set  of  development  standards.  Heavy  development  would  adversely  af¬ 
fect  the  resource  potential  of  these  waters.  Small  lakes,  shallow 
lakes,  or  those  with  extensive  areas  of  low  swampy  shorelines  are 
classified  as  Natural  Environment  waters. 

Recreational  Development  waters  are  assigned  the  middle  set  of 
development  standards.  They  are  usually  moderately  developed  and 
have  physical  characteristics  more  suited  to  development  than  Natural 
Environment  waters. 

General  Development  waters  are  densely  developed,  multiple-use 
waters  that  carry  the  least  restrictive  development  criteria.  Since 
these  waters  are  already  heavily  developed,  the  zoning  restrictions 
applied  must  be  reasonably  consistent  with  the  existing  development 
patterns. 

Critical  Lakes  are  badly  deteriorated  lakes  which  cannot  be 
reasonably  managed  in  any  of  the  other  public  water  classes.  Until 
specific  standards  are  developed  for  each  lake,  Critical  Lakes  will 
be  subject  to  the  standards  applied  to  Natural  Environment  waters. 

The  six  headwaters  lakes  are  classified  as  General  Development 
waters  because  of  their  present  high-density,  multiple-use  development. 
The  zoning  provisions  for  General  Development  are  the  least  restrictive 
of  the  four  classes  and  provide  guidance  for  any  future  growth 
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or  construction  which  requires  a  location  on  public  waters.  Specifically, 
the  provisions  state  that  minimum  lot  size  shall  be  20,000  square  feet 
and  lots  shall  be  at  least  100  feet  wide  at  the  building  line  and  100 
feet  wide  at  the  water  line.  The  total  area  of  all  structures  shall  not 
equal  or  exceed  30  percent  of  the  lot.  Building  setback  must  be  at  least 
75  feet  from  the  normal  high  watermark.  This  setback  applies  to  all 
structures  except  boathouses,  piers,  and  docks.  The  setback  for  septic 
tanks  and  soil  absorption  systems  must  be  at  least  100  feet.  The 
individual  county  ordinances  must  meet  the  minimum  State  standards  and,  in 
some  cases,  are  more  severe. 

The  major  source  of  pollution  in  the  headwaters  lakes  is  sewage 
disposal  into  soil  which  is  unsuitable  for  on-site  disposal.  Minnesota 
zoning  laws  now  require  that  soil  characteristics  be  determined  before 
construction.  With  the  soil  location  and  percolation  characteristics 
known,  it  would  be  feasible  to  zone  the  remaining  undeveloped  shoreland 
to  meet  specifications  and  thus  prevent  further  aggravation  of  an  already 
serious  pollution  problem. 

Two  Federal  laws  carrying  substantial  penalties  can  also  assist  in  the 
control  of  development  along  the  headwaters  shorelands.  The  first  is 
Section  10  of  the  1899  River  and  Harbor  Act  which  gave  the  Corps  of  Engi¬ 
neers  authority  to  regulate  development  in  navigable  waters  of  the  United 
States.  All  of  the  lakes  included  within  the  normal  operational  limits 
of  the  reservoirs  formed  by  Corps  of  Engineers  dams  are  considered 
navigable  and  are  regulated  under  section  10.  Section  10  regulates  all 
work  in  waters  including  beach  sanding  projects  and  construction  of  large 
docks,  breakwaters,  small-boat  channels,  and  harbors.  Also,  any  work 
in,  over,  or  under  the  headwaters  lakes  or  any  work  in  the  immediate 
vicinity  of  the  waterway  affecting  the  course,  condition,  or  capacity 
of  the  navigable  water  is  subject  to  permit  requirements  under  the 


Initially,  section  10  of  the  1899  act  was  concerned  only  with 
commercial  navigation,  but  now  environmental,  economic,  and  social 
issues  (the  overall  public  interest)  must  also  be  considered.  Under 
this  law,  construction  without  a  permit  carries  a  possible  fine  of 
$2,500  per  violation. 

The  second  law,  Section  404  of  the  Clean  Water  Act,  gives  the 
Corps  of  Engineers  jurisdiction  over  the  headwaters  lakes  plus  the 
adjacent  wetlands.  This  law  gives  the  Corps  authority  over  placement 
of  fill  or  dredged  material.  Although  the  Corps  has  no  direct 
involvement  with  on-land  construction,  nearly  all  construction  in  the 
reservoir  area  usually  involves  wetland  fills,  dredging,  or  beaching. 
Construction  without  a  Section  404  permit,  or  in  violation  of  an 
issued  permit,  is  subject  to  a  maximum  fine  of  $25,000  per  day. 

The  Corps  of  Engineers  must  deny  a  permit  if  the  Department  of 
Natural  Resources  or  the  local  government  unit  denies  the  permit  first. 

Sufficient  land  use  laws  exist  to  modify  existing  situations 
and  control  future  development.  Major  deficiencies  in  current  lake- 
shore  development  and  land  use  planning  are  due  to  lack  of  enforcement 
of  existing  laws  and  accompanying  benefits.  What  is  primarily  needed 
now  is  an  effective  means  of  enforcement  and  a  coordinated  means  of 
surveillance. 
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GENERAL 


The  Minnesota  Pollution  Control  Agency  has  the  responsibility 
for  determining  the  best  current  uses  of  water  at  the  State  level  and 
the  quality  of  water  necessary  to  meet  these  uses.  The  agency  has 
further  established  six  water  use  classes  and  has  grouped  the  State 
waters  into  one  or  more  of  these  classes.  The  six  uses  are: 

(1)  domestic  consumption,  (2)  fisheries  and  recreation,  (3)  industrial 
consumption,  (4)  agriculture  and  wildlife,  (5)  navigation  and  waste 
disposal,  and  (6)  other  beneficial  uses.  Some  of  the  six  classes  are 
further  divided  into  purity  subclasses  A,  B,  C,  and  D,  with  class  A 
being  the  highest  level  of  purity. 

As  an  example,  class  2A  waters  will  permit  propagation  and  mainte¬ 
nance  of  warmwater  or  cold  water  sport  or  commercial  fish  (including 
trout)  and  be  suitable  for  aquatic  recreation  of  all  kinds,  including 
baling.  Class  2B  waters  are  suitable  for  warmwater  or  cool  water 
sport  and  commercial  fishing  and  for  aquatic  recreation  of  all  kinds, 
including  bathing.  Class  2B  waters  are  generally  considered  the 
national  goal  of  "swimmable,"  "fishable"  waters.  Class  2C  waters  will 
permit  only  propagation  of  rough  fish,  or  species  commonly  inhabiting 
waters  of  the  vicinity  under  natural  conditions,  and  be  suitable  for 
boating  and  other  forms  of  recreation. 

All  segments  of  the  Mississippi  River,  including  the  Mississippi 
River  Headwaters  Lakes,  are  to  meet  the  goals  of  Public  Law  92-500  which 
calls  for  attainment  of  fishable  and  swimmable  waters  by  1983. 

HEADWATERS  LAKES  CLASSIFICATION 

The  six  headwaters  lakes  are  to  meet  the  following  classifications 
according  to  Minnesota  Regulations  WPC  24  and  25: 


D-l 


Lake 


Interstate  Class 
(WPC-15) 


(1) 


Winnib igo  sh is  h 
Pokegama 

Lake 

Leech 

Sandy 

Pine 

Big  Trout 
Gull 

(1)  Must  also  comply  with  2C, 

(2)  Must  also  comply  with  2B, 


2B,  3B 
2A,  3B 

(2) 

Intrastate  Class  ' 
(WPC-14) 

Not  specifically  listed 
Not  specifically  listed 
Not  specifically  listed 
IB,  2A,  3B 

Not  specifically  listed 

3C,  4A,  4b,  5,  and  6. 

2C,  3B,  3C,  4A,  4B,  5,  and  6. 


If  the  above  classifications  and  accompanying  water  quality 
standards  in  WPC  14  and  WPC  15  are  exceeded  or  violated,  then  according 
to  law,  the  water  quality  must  be  improved.  All  of  the  lakes  generally 
comply  with  State  and  Federal  standards  except  for  the  color  standard 
or.  Sandy  and  Pine  River  Lakes. 


WATER  QUALITY  STANDARDS 
INTERSTATE  WATERS  (WPC  15) 


The  following  information  on  water  quality  standards  for  inter¬ 
state  waters  is  excerpted  from  "Minnesota  State  Regulations  -  Rules, 
Regulations,  Classifications,  and  Water  Standards,"  Minnesota  Pollution 
Control  Agency,  1973  supplement,  pages  27  through  35. 
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(1)  Domestic  Consumption 

Class  A  The  quality  of  this  class  of  the  interstate  waters  of  the  state 
shall  he  such  that  w  ithout  treatment  of  any  kind  the  raw  waters  will  meet 
in  all  respects  both  the  mandatory  and  recommended  requirements  of  the 
Public  Health  Sen  ice  Drinking  Water  Standards — 1962  for  drinking  water 
as  specified  in  Publication  No.  956  published  by  the  Public  Health  Service 
of  the  U.  S.  Department  of  Health.  Education  and  Welfare,  and  -my  re¬ 
visions,  amendments  or  supplements  thereto.  This  standard  will  ordinarily 
be  ri  striated  to  underground  waters  with  a  high  degree  of  natural  protection. 
The  basic  requirements  are  given  below: 


Substance  or  Characteristic  Limit  or  Range 

Total  col iform  organisms  1  most  probable  number  per  100 

milliliters 

Turbidity  value  5 

Color  value  15 

Threshold  odor  number  3 

Methvlene  blue  active  substance  0.5  milligram  per  liter 
(MBAS) 

Arsenic  (As)  0.01  milligrams  per  liter 

Chlorides  (Cl)  250  milligrams  per  liter 

Copper  (Cu)  1  milligram  per  liter 

Carbon  Chloroform  extract  0.2  milligram  per  liter 

Cyanides  (CN)  0.01  milligram  per  liter 

Fluorides  (F)  J  .5  milligrams  per  liter 

Iron  (Fe)  0.3  milligram  per  liter 

Manganese  (Mn)  0.05  milligram  per  liter 

Nitrates  (NO,)  45  milligrams  per  liter 

Phenol  0.001  milligram  per  liter 

Sulfates  (SO,)  250  milligrams  per  liter 

Total  dissolved  solids  500  milligrams  per  liter 

Zinc  (Zn)  5  milligrams  per  liter 

Barium  (Ba)  1  milligram  per  liter 

Cadmium  (Cd)  0.01  milligram  per  liter 

Chromium  (Hcxavalent,  Cr)  0.05  milligram  per  liter 

Lead  (Pb)  0.05  milligram  per  liter 

Selenium  (Se)  0.01  milligram  per  liter 

Silver  (As)  0.05  milligram  per  liter 

Radioactive  material  Not  to  exceed  the  lowest  concentra¬ 

tions  permitted  to  be  discharged  to 
an  uncontrolled  environment  as 
prescribed  hv  the  appropriate  au¬ 
thority  having  control  over  heir  use. 

Class  B  The  quality  of  this  class  of  the  interstate  waters  of  the  s;.,ie 
shall  he  such  that  with  approsed  disinfection,  such  as  simple  chlorination 
or  its  equivalent,  the  treated  water  will  meet  in  all  respects  both  ibe  ri  ride.- 
tory  and  recommended  requirements  of  the  Public  Health  Set  vice  Dunking 
Water  Standards — 1962  for  drinking  water  as  specified  in  Publication  No 
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956  puhh  ht-J  b.  iht  l“uK!.j  Health  Scrvi.o  of  the  l.'  S.  Dcp  .rfr  ::  of 
Health,  education  ant!  Welfare,  anil  any  revision-.,  amendments  or  supple¬ 
ments  thereto.  '1  his  standard  will  ord  narily  be  restricted  to  surface  and 
underground  waters  with  a  moderately  hieh  decree  of  natural  protection. 
The  physical  and  chemical  standards  epaoud  above  lot  (_l..ss  A 
watets  sliall  also  apply  to  these  interstate  waters  in  the  untreated  state,  except 
as  listed  below  : 

Substance  or  Characteristic  Limit  or  Range 

Fecal  coliform  organisms  10  most  probable  number  per  ICO 

milliliters 

Class  C  The  quality  of  this  class  of  the  interstate  waters  of  the  state 
shall  be  such  that  with  treatment  consisting  of  coagulation,  sedimentation, 
filtration,  storage  and  chlorination,  or  other  equivalent  treatment  processes, 
the  treated  water  will  meet  in  all  respects  both  the  mandatory  and  recom¬ 
mended  requirements  of  the  Public  Health  Service  Drinking  Water  Stand¬ 
ards — 1962  for  drinking  water  as  specified  in  Publication  No.  956  pub!:  bed 
by  the  Public  Healtii  Service  of  the  U.  S.  Department  of  Health,  education 
and  Welfare,  and  any  revisions,  amendments  or  supplements  thereto.  This 
standard  will  ordinarily  be  restricted  to  surface  waters,  and  ground  waters 
in  aquifers  not  considered  to  atlord  adequate  protection  against  corn. ..••■ra¬ 
tion  from  surface  or  other  sources  of  pollution.  Such  aquifer--  ::  vo 
would  include  fractured  and  channeled  limestone,  unprotected  impervious 
hard  rock  where  interstate  water  is  obtained  from  mechanical  lractures. 
joints,  etc.,  with  surface  connections,  and  coarse  gravels  subjected  to  surface 
water  infiltration.  The  physical  and  chemical  standards  quoted  above  ter 
Class  A  interstate  waters  shall  a!-o  apply  to  these  interstate  uatcis  :n  the 
untreated  state,  except  as  listed  beiovv: 

Substance  or  Characteristic  Limit  or  Range 

Fecal  coliform  organisms  200  most  probable  number  per  100 

milliliters 

Turbidity  value  25 

Class  D  The  quality  of  this  class  of  the  interstate  waters  of  the  'taie 
shall  be  such  that  alter  treatment  consisting  ot  coagulation,  sedimentation, 
filtration,  storage  and  chlorination,  phis  additional  pre.  post,  or  intcrmeibate 
stages  of  treatment,  or  other  equivalent  treatment  processes,  the  treated  •■-  ter 
will  meet  in  all  respects  the  recommend. 4  rquiremuus  ot  the  Public  l!  ..ith 
Service  Drinking  Water  Standards — 1962  for  drinking  water  as  specified  in 
Publication  No.  9 5o  published  by  the  Public  Health  Service  ot  the  L‘.  S. 
Department  of  Health,  (education  and  Welfare,  and  any  revisions,  amend¬ 
ments  or  supplements  thereto.  This  standard  will  ordinarily  be  restricted  to 
surface  waters,  and  ground  waters  in  aqutfers  not  considered  to  ulTord  ade¬ 
quate  protection  against  contamination  from  surface  or  other  sources  of 
pollution.  Such  aquifers  normally  would  include  fractured  and  channeled 
limestone,  unprotected  impervious  hard  rock  where  water  is  obtained  troin 
mechanical  fractures,  joints,  etc.,  with  surface  connections,  and  coarse 
gravels  subjected  to  surface  water  infiltration.  The  concentrations  or  ranges 
given  beiovv  shall  not  be  exceeded  in  the  raw  waters  before  treatment: 

Substance  or  Characteristic  Limit  or  Range 

Fecal  col iform  organisms  200  most  probable  number  per  100 

milliliters 

Arsenic  (As)  0.05  milligram  per  liter 
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Limit  or  Range 
1  milligram  per  liter 
0.01  milligram  per  liter 
0.05  milligram  per  liter 
0.2  milligram  per  liter 
1.5  milii-ranis  per  liter 
0.05  milligram  per  liter 
0.01  milligram  per  liter 
0.05  m iHi-ram  per  liter 
Not  to  exceed  the  low-av;  concentra¬ 
tions  permitted  to  be  di -charged  to 
an  uncontrolled  cr.vire.nu  m  a<  pre¬ 
scribed  by  tbe  appropriate  author¬ 
ity  having  control  over  their  use. 

In  addition  to  the  above  listed  standards,  no  sewage,  industrial  v.j.'c  or 
other  wastes,  treated  or  untreated,  shall  be  discharged  into  or  perm. tied  by 
any  person  to  gain  access  to  any  interstate  waters  classified  for  domestic 
consumption  so  as  to  cause  any  material  undesirable  increase  in  the  taste, 
hardness,  temperature,  toxicitv,  corrosiveness  or  nutrient  content,  or  in  any 
other  manner  to  impair  the  natural  quality  or  value  of  the  interstate  waters 
for  use  as  a  souree  of  drinking  water. 


Substance  or  Character:  ,ie 
Barium  (11a) 

Cadmium  (Cd) 

Chromium  (Cr  +  b) 

Cyanide  (CN) 

Fluoride  IF) 

Lead  ( I*b) 

Selenium  (Se) 

Silver  (Ag» 

Radioactive  material 


(2)  Fisheries  and  Recreation 

Class  A  The  quality  of  this  class  of  the  interstate  waters  of  the  state 
shall  be  such  as  to  permit  the  propagation  and  maintenance  of  warm  or 
cold  water  sport  or  commercial  fishes  and  be  suitah'c  for  aquatic  recreation 
of  all  kinds,  in  hiding  bathing,  for  which  the  waters  may  be  iisal  .  i.iriitir.g 
conccn'raiions  or  ranges  of  substances  or  characteristics  which  should  not 
be  exceeded  in  the  interstate  waters  are  given  below: 


Substance  or  Characteristic 

Dissolved  oxygen 


Temperature 
Ammonia  CN) 
Chlorides  (Cl) 
Chromium  (Cr) 
Copper  (Cu) 

Cyanides  (CN) 
Oil 

pH  value 
Phenols 


Limit  or  Range 

Not  less  than  7  milligrams  per  liter 
from  October  1st  and  continuing 
through  May  31st.  and 
Not  less  than  6  milligrams  per  liter 
at  other  times. 

No  material  increase 
0.2  milligram  per  liter 
50  milligrams  per  iitcr 
0  02  milligram  per  liter 
0.01  milligram  per  liter  or  not  creator 
than  1/  10  the  9b  hour  TLM  value. 
0.2  milligram  per  liter 
0.5  milligram  per  liter 
6.5  -  8.5' 

0.01  milligram  per  liter  and  none  that 
could  impart  odor  or  taste  to  fish 
flesh  or  other  fresh-water  edible 
products  such  as  cr.ivtKh,  clams, 
prawns  and  like  creatures  W  here 
it  seems  probable  ill.  t  a  d.  c::..1  :c 
may  result  in  tainting  ot  edible 
aquatic  products,  bo-.i'-.s  and 
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Substance  or  Cliaractrristic 


Turbidity  value 
Color  value 

Fecal  coliform  organisms 


Radioactive  materials 


Limit  or  Range 

taste  panels  will  be  required  to 
determine  whether  tainting  iv  likels 
or  present. 

10 

30 

200  most  probable  number  per  100 
milliliters  as  a  monthlv  geometric 
mean  based  on  not  less  than  5 
samples  per  month,  nor  exceed  4(.ki 
most  probable  number  per  luu  mil¬ 
liliters  in  more  than  l()r<  of  all 
samples  dining  any  month. 

Not  to  exceed  the  lowest  concentra¬ 
tions  permitted  to  he  disvh. treed  to 
an  uncontrolled  environment  as 
prescribed  by  the  appropriate  au¬ 
thority  having  control  over  their  use. 


Class  B  The  quality  of  this  class  of  the  interstate  waters  of  the  state 
shall  be  such  as  to  permit  the  propagation  and  maintenance  of  cool  or 
warm  water  sport  or  commercial  fishing  and  be  suitable  tor  aquatic  rec¬ 
reation  of  all  kinds,  including  bathing,  for  which  the  waters  may  be  lua'clc. 
Limiting  concentrations  or  ranees  of  substances  or  characteristics  which 
should  not  be  exceeded  in  the  interstate  waters  are  given  helovv: 


Substance  or  Characteristic 
Dissolved  oxygen 


Temperature* 


Ammonia  (N) 
Chromium  (Cr) 
Copper  (Cu) 

Cyanides  (CN) 
Oil 

pH  value 
Phenols 


Limit  or  Range 

Not  less  than  6  milligrams  per  liter 
from  April  1  through  May  31.  „nd 
Not  less  than  5  milligrams  per  liter  at 
other  times. 

5*F  above  natural  in  streams  and  3*F 
above  natural  in  lakes,  based  on 
monthly  average  of  the  maximum 
daily  temperature,  except  in  no  case 
shall  it  exceed  the  daily  average 
temperature  of  S6“F. 

1  milligram  per  liler 
0.05  milligram  per  liter 
0.01  milligram  per  liter  or  not  greater 
than  1/10  the  96  hour  TLM  value. 
0.02  milligram  per  liter 
0.5  milligram  per  liter 
6.5  -  9.0' 

0.01  milligram  per  liter  and  none  that 
could  impart  odor  or  taste  to  fish 
flesh  or  other  fresh-w.xter  edible 
products  such  as  crayfish,  clams 
prawns  and  like  creatures.  Where 
it  seems  probable  that  a  discharge 
may  result  in  tainting  of  edible 
aquatic  products,  bioassnvs  and 
taste  panels  will  be  required  to  de¬ 
termine  whether  tainting  is  likely 
or  present. 
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l.iniit  or  Range 
25 

200  most  probable  number  per  100 
milliliters  as  a  monthly  geometric 
mean  ba-cd  on  not  less  than  5  sam¬ 
ples  per  month,  nor  cqu.il  i  t  exceed 
2000  most  probable  number  per 
100  milliliters  in  more  than  lOCe 
of  all  samples  during  any  month. 
Not  to  exceed  the  lowest  concentra¬ 
tion  permitted  to  be  discharged  to  an 
uncontrolled  environment  as  pre¬ 
scribed  by  the  appropriate  authority 
having  control  over  their  ise. 

*The  following  temperature  criteria  wall  be  applicable  for  the  Mississippi 
River  from  l  ake  Itasca  to  the  outlet  of  the  Metro  Wastewater  I  rcutment 
Works  in  St.  Paul  in  addition  to  or  superseding  the  above.  The  weekly 
average  temperature  shall  not  exceed  the  following  temperatures  during 
the  specified  months: 


January 

40“  F 

July 

83”F 

February 

40”  F 

August 

S  5  °  F 

March 

48"F 

September 

78 5  F 

April 

60“  F 

October 

68’F 

May 

72"F 

November 

50  F 

June 

78’F 

December 

to  F 

For  the  Mississippi  River  from  Lock  and  Dam  No  2  at  Hastings  to  the 
Iowa  Border,  the  weekly  average  temperature  shall  not  exceed  the  following 
temperatures  during  the  specified  months: 


Januarv 

40°F 

July 

84"F 

February 

40°F 

August 

84“  F 

March 

54°F 

September 

82°F 

April 

65"F 

October 

73  F 

Mav 

75"F 

November 

58°F 

June 

84°F 

December 

4S'F 

Class  C  The  quality  of  this  class  of  the  interstate  waters  ot  ihe  state 
shall  be  such  as  to  permit  the  propagation  and  maintenance  of  rough  fish  or 
species  commonly  inhabiting  waters  of  the  vicinity  under  natural  conditions, 
and  be  suitable  for  boating  and  other  forms  of  aquatic  recreation  for  which 
the  interstate  waters  may  be  usable.  Limiting  concentrations  or  ranges  of 
substances  or  characteristics  which  should  not  he  exceeded  in  the  interstate 
waters  are  given  below: 

Substance  or  Characteristic 

Dissolved  oxygen 


Temperature* 


Limit  or  Range 

Not  less  than  5  milligrams  per  liter 
from  April  1  through  New  ember  50, 
and  not  less  than  4  nulli  lean's  per 
liter  at  oilier  times. 

5*F  above  natural  in  streams  and  5*F 
above  mliir.il  in  lakes,  based  on 
monthly  average  of  the  maximum 
daily  temperature  except  in  no  case 


Substance  or  Characteristic 

Turbidity  value 

Fecal  coliform  organisms 


Radioactive  materials 
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Substance  or  Characteristic 


Ammonia  (N) 
Chromium  (Crt 
Copper  (Cu) 

Cyanides  (CN) 
Oil 


pH  value 
Phenols 


Turbidity  value 
Fecal  coliform  organism* 


Radioactive  materials 


Limit  or  Range 

shall  it  exceed  the  daily  average 
temeprature  of  90s F. 

1.5  milligrams  per  liter 

0.05  milligram  per  liter 

0.01  milligram  per  liter  or  not  greater 
than  1/10  the  96  hour  TLM  value. 

0.02  milligram  per  liter 

10  milligrams  per  liter,  and  none  in 
such  quantities  as  to  (1)  produce  a 
visible  color  film  on  the  surface, 
(2)  impart  an  oil  odor  to  v.  atcr  or 
an  oil  taste  to  fish  and  edible  in¬ 
vertebrates,  (3)  coat  the  banks  and 
bottom  of  the  watercourse  or  taint 
any  of  the  associated  biota,  or  (4) 
become  effective  toxicants  according 
to  the  criteria  recommended. 

6.5  -  9.0 

0.1  milligram  per  liter  and  none  that 
could  impart  odor  or  taste  to  fish 
flesh  or  other  fresh-water  c2.ble 
products  such  as  crayfish,  clams, 
prawns  and  like  creatures,  '.t  here  i; 
seems  probable  that  a  discharge 
may  result  in  tainting  of  edible 
aquatic  products,  bioassays  and 
taste  panels  will  be  required  to  de¬ 
termine  whether  tainting  is  likely 
or  present. 

25 

200  most  probable  number  per  100 
milliliters  as  a  geometric  mean  nor 
equal  or  exceed  2000  most  probable 
number  per  100  rmllihters  in  r.'orc 
than  1001  of  the  samples. 

Not  to  exceed  the  lowest  concentra¬ 
tions  permitted  to  be  discharged  to 
an  uncontrolled  environment  as  pre¬ 
scribed  by  the  appropriate  author¬ 
ity  having  control  over  their  use. 


•The  following  temperature  criteria  will  be  applicable  for  the  Mississippi 
River  from  the  outlet  of  the  Metro  Wastewater  Treatment  Works  in  St.  I’aul 
to  Lock  and  Dam  No.  2  at  Hastings  in  addition  to  or  superseding  the 
above.  The  weekly  averaee  temperature  shall  not  exceed  the  following  tem¬ 
peratures  during  the  specified  months 


January 

40*  F 

July 

83°F 

February 

40’ F 

August 

83°F 

March 

48*F 

September 

78”  F 

April 

60°  F 

October 

68’F 

May 

72’F 

November 

50' F 

June 

78°F 

December 

40'F 
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For  all  classes  of  fi -hones  .uni  recreation  waters,  the  aquatic  habitat.  wh:;h 
includes  the  mterstaie  waters  anil  stream  hed,  shall  not  he  degraded  1:1  any 
material  manner,  there  shall  be  no  material  increase  in  undesirable  slime 
growths  or  aquatic  plants,  including  algae,  nor  shall  there  be  any  significant 
increase  in  harmful  pesticide  or  other  residues  in  the  waters,  sediments  and 
aquatic  tlora  and  fauna;  the  normal  ti,hery  and  lower  aquatic  biota  upon 
which  it  is  dependent  and  the  use  thercot  shall  not  be  seriously  impaired  or 
endangered,  the  species  composition  shall  not  be  altered  materially,  and  the 
propagation  or  migration  of  the  Inh  and  o’her  biota  normally  pre-ent  shall 
not  be  presented  or  hindered  hv  the  dischatgc  of  any  sewage,  industrial  waste 
or  other  waste  effluents  to  the  insterstatc  waters. 

No  sessage,  industrial  waste  or  other  wastes  shall  be  discharged  into  any 
of  the  interstate  waters  of  this  category  so  as  to  cause  any  material  change 
in  any  other  substances  or  characteristics  which  may  impair  the  qualits  of 
the  interstate  w  aters  or  the  aquatic  biota  of  any  ot  the  above  listed  classes 
or  in  any  manner  render  them  unsuitable  or  objectionable  for  fishing,  fish 
culture  or  recreational  uses.  Additional  selective  limits  or  changes  in  the 
discharge  bases  may  be  imposed  on  the  basis  of  local  needs. 


(3)  Industrial  Consumption 


Class  A  The  quality  of  this  class  of  the  interstate  w  aters  of  the  state  shall 
be  such  as  to  permit  their  use  without  chemical  treatment,  except  s.V'tcpine 
for  ground  water,  for  most  industrial  purposes,  except  food  processing  and 
related  uses,  for  which  a  high  quality  of  water  is  required.  The  quality  shall 
be  generally  comparable  to  Class  B  wafers  for  domestic  consumption,  except 
for  the  follow  ing: 


Substance  or  Characteristic 
Chlorides  (Cl) 

Hardness 
pH  value 

Fecal  coliform  organisms 


Limit  or  Range 

50  milligrams  per  liter 
50  milligrams  per  liter 
6.5  -  8.5 

200  most  probable  number  per  100 
milliliters 


Class  B  The  quality  of  this  class  of  the  interstate  waters  of  the  state  shall 
be  such  as  to  permit  their  use  for  general  industrial  purposes,  except  for  food 
processing,  with  onlv  a  moderate  degree  of  treatment.  Ihe  quality  shall  I-,' 
generally  comparable  to  Class  D  interstate  waters  used  for  domestic  con¬ 
sumption,  except  the  following: 


Substance  or  Characteristic 
Chlorides  (Cl) 

Hardness 
pH  value 

Fecal  coliform  organisms 


Limit  or  Range 

100  milligrams  per  liter 
250  milligrams  per  liter 
6.0  -  9.0 

200  most  probable  number  per  100 
milliliters 


Class  C  The  quality  of  this  class  of  the  interstate  waters  of  the  state  shall 
be  such  as  to  permit  their  use  for  industrial  cooling  and  materials  transport 
without  a  high  degree  of  treatment  being  necessary  to  avoid  severe  fouling, 
corrosion,  scaling,  or  other  unsatisfactory  conditions  The  following  shall  not 
be  exceeded  in  the  interstate  waters 

Substance  or  Characteristic  Limit  or  Range 

Chlorides  (Cl)  250  milligrams  per  liter 

Hardness  500  milligrams  per  liter 
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Substance  or  Characteristic  Limit  or  Range 

pH  value  6.0  -  9  0 

Fecal  coliform  organisms  200  most  probable  number  per  100 

milliliters 

Additional  selective  limits  may  be  imposed  for  anv  specific  interstate 
waters  as  needed. 

In  addition  to  the  above  listed  standards,  no  sewage,  industrial  waste  or 
other  wastes,  treated  or  untreated,  shall  be  discharged  into  or  permitted  by 
any  person  to  gain  access  to  any  interstate  waters  classified  for  industrial 
purposes  so  as  to  cause  any  material  impairment  of  their  use  as  a  source  of 
industrial  w  ater  supply. 


(4)  Agricuture  and  Wildlife 

Class  A  The  quality  of  this  class  of  the  interstate  water  of  the  state  shall 
be  such  as  to  permit  their  use  for  irrigation  without  significant  damage  or 
adverse  effects  upon  any  crops  or  vegetation  usually  grown  in  the  waters  or 
area,  including  truck  garden  crops.  The  following  concentrations  or  limits 
shall  be  used  as  a  guide  in  determining  the  suitability  of  the  waters  for  such 
uses,  together  with  the  recommendations  contained  in  Handbook  60  pub¬ 
lished  by  the  Salinity  Laboratory  of  the  U.  S.  Department  of  Agriculture, 
and  any  revisions,  amendments  or  supplements  thereto: 


Substance  or  Characteristic 
Bicarbonates  (HCO,) 

Boron  (B) 
pH  value 

Specific  conductance 
Total  dissolved  salts 
Sodium  (Na) 

Fecal  coliform  organisms 

Sulfates  (SO.) 


Radioactive  materials 


Limit  or  Range 

5  milliceuivalents  per  liter 

0.5  milligram  per  liter 

6.0  -  8.5 

1,000  mieromhos  per  centimeter 

700  milligrams  per  liter 

60%  of  total  cations  as  millicyuiva- 
lcnts  per  liter 

200  most  probable  number  per  100 
milliliters 

10  milligrams  per  liter,  applicable  to 
water  used  for  production  of  wild 
rice  during  periods  when  the  r>ce 
mav  be  susceptible  to  damage  by 
high  sulfate  levels. 

Not  to  exceed  the  lowest  concentra¬ 
tions  permitted  to  be  discharged  to 
an  uncontrolled  environment  as 
prescribed  by  the  appropriate  au¬ 
thority  having  control  over  their  use 


Class  B  The  quality  of  this  class  of  the  interstate  waters  of  the  state  shall 
be  such  as  to  permit  their  use  by  livestock  and  wildlife  without  inhibition 
or  injurious  effects.  The  limits  or  concentrations  of  substances  or  character¬ 
istics  given  below  shall  not  be  exceeded  in  the  interstate  waters: 


Substance  or  Characteristic 
pH  value 
Total  salinity 
Fecai  coliform  organisms 


Limit  or  Range 

6,0  -  9.0 

1,000  milligrams  per  liter 
200  most  probable  number  per  100 
milliliters 
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Substance  or  Characteristic 

Radioactive  materials 


Unspecified  toxic  substances 


Limit  or  Range 

Not  to  exceed  the  lowest  co'i. (.titra¬ 
tions  permitted  to  he  disrfi-r-.d  to 
an  uncontrolled  enuroi.:.  ,,.;it  as 
preset  th.  !  ‘  the  appropriate  au- 
thonty  having  control  over  their  u.e. 
None  at  levels  harmlul  either  d.rectlv 
or  indirectly. 


Additional  selective  limits  may  be  imposed  for  any  specific  interstate 
waters  as  needeJ. 


(5)  Navigation  and  Waste  Disposal.  The  quality  of  this  class  of  the 
interstate  waters  of  'he  state  shall  he  such  as  to  he  suitable  for  e-.thctic 
enjoyment  ol  scenery  and  to  avoid  an>  interference  with  navigation  or  dam¬ 
aging  effects  on  property.  The  following  iinuts  or  concentrations  shall  not 
be  exceeded  in  the  interstate  waters: 


Substance  or  Characteristic 
Fecal  coliform  organisms 

pH  value 
Hydrogen  sulfide 


Limit  or  Range 

200  most  probable  number  per  100 
milliliters 
6.0  -  9.0 

0.02  milligrams  per  liter 


Additional  selective  limits  may  be  imposed  for  an;,  specific  intei  state 
water  as  needed. 


(6)  Other  Uses.  The  uses  to  be  protected  in  this  class  may  he  under 
other  jurisdictions  and  in  other  areas  to  which  the  interstate  water-,  of  the 
state  are  tributary,  and  may  include  any  or  all  of  the  mes  listed  in  th.v  fore¬ 
going  categories,  plus  any  other  po>sihje  beneficial  tisev  The  A»«?ncx  there¬ 
fore  reserves  the  right  to  impose  any  standards  necessary  tor  the  protection 
of  this  class,  consistent  with  legal  limitations. 

June  14.  1967;  Amended  July  1.  1969;  Amended  October  13.  1971: 
Amended  October  4.  1973. 

(Due  to  numerous  changes,  only  the  new  rule  is  shown  here) 
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INTRASTATE  WATERS  (WPC  14) 


The  following  information  on  water  quality  standards  for  intra¬ 
state  waters  is  extracted  from  "Minnesota  State  Regulations  -  Rules, 
Regulations,  Classifications,  and  Water  Standards,"  Minnesota  Pollution 
Control  Agency,  1973  Supplement,  pages  9  through  17. 


(1)  Domestic  Consumption 

Class  A  The  quality  of  this  class  of  the  intrastate  waters  of  the  state 
shall  be  such  that  without  treatment  of  any  kind  the  raw  waters  will  meet 
in  all  respects  both  the  mandatory  and  recommended  requirements  of  the 
Public  Health  Service  Drinking  Water  Standards- 1 ‘>62  for  drinking  water  as 
specified  in  Publication  No.  956  published  by  the  Public  Health  Service  of 
the  U.  S.  Department  of  Health.  Education  and  Welfare,  and  any  revisions, 
amendments  or  supplements  thereto.  This  standard  will  ordinarily  be  re¬ 
stricted  to  underground  waters  with  a  high  degree  of  natural  protection.  The 
basic  requirements  are  given  below: 

Substance  or  Characteristic 
Total  coliform  organisms 

Turbidity  value 
Color  value 

Threshold  odor  number 
Methvknc  blue  active  substance 
(MBAS) 

Arsenic  (As) 

Chlorides  (Cl) 

Copper  (Cut 

Carbon  Chloroform  extract 
Cyanides  (CN) 

Fluorides  (F) 

Iron  (l  e) 

M.in  unc'c  ( Mn) 

Nitrates  (NO.) 

$ 


Limit  or  Range 

1  most  probable  number  per  MM) 
milliliters 
5 
15 
3 

0.5  milligram  per  liter 

0.01  milligram  per  liter 
250  milligrams  per  liter 
1  milligram  per  liter 
0.2  milligram  per  liter 
0.0!  mi'lie.ram  per  liter 
1 .5  milher.  nts  per  liter 
0.3  n’.il'i  tie  n  per  liter 
O  O*'  milli  ’Mm  per  liter 
45  nulli.tr. itii\  per  lucr 
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Limit  or  Range 

0.001  milligram  par  liter 
250  milligram*;  per  liter 
500  milligram-i  per  liter 
5  milligrams  per  liter 
1  milligram  per  liter 
0.01  milligram  per  liter 
0.05  milligram  per  liter 
0.05  milligram  per  liter 
0.01  milligram  per  liter 
0.05  milligram  per  liter 
Not  to  exceed  the  lowest  concentra¬ 
tions  permitted  to  be  discharged  to 
an  uncontrolled  environment  as  pre¬ 
scribed  by  the  appropriate  authority 
having  control  over  their  use. 

Class  B  The  quality  of  this  class  of  the  intrastate  waters  of  the  state  shall 
be  such  that  with  approved  disinfection,  such  as  simple  chlorination  or  its 
equivalent,  the  treated  water  will  meet  in  all  respects  both  the  mandatory 
and  recommended  requirements  of  the  Public  Health  Sen  ice  Drinking  Water 
Standards- 19<>2  lor  drinking  water  as  specified  in  Publication  No.  95b  pub¬ 
lished  hv  the  Public  Health  Service  of  the  U.  S.  Department  of  Health. 
Education  and  Welfare,  and  anv  revisions,  amendments  or  supplements 
thereto.  This  standard  will  ordinarily  be  restricted  to  surface  and  under¬ 
ground  wafers  with  a  moderately  high  degree  of  natural  protection.  The 
physical  and  chemical  standards  quoted  above  for  Ciass  A  intrastate  waters 
shall  also  apply  to  these  intrastate  waters  in  the  untreated  state,  except  as 
listed  below; 

Substance  or  Characteristic  Limit  or  Range 

Fecal  coliform  organisms  10  most  probable  number  per 

100  milliliters 

Class  C  The  quality  of  this  class  of  the  intrastate  waters  of  the  state 
shall  be  such  that  with  treatment  consisting  of  coagulation,  sedimentation, 
filtration,  storage  and  chlorination,  or  other  equivalent  treatment  proccv.cs, 
the  treated  water  will  meet  in  all  respects  both  the  mandatory  and  recom¬ 
mended  requirements  of  the  Public  Health  Service  Drinking  Water  Stand  irds- 
1962  tor  drinking  water  as  specified  in  Publication  No.  956  published  bv 
the  Public  Health  Service  of  the  C.  S.  Department  of  Health,  Education 
and  Welfare,  and  anv  revisions,  amendments  or  supplements  thereto.  11ns 
standard  will  ordinarilv  be  restricted  to  surlucc  waters,  and  ground  waters 
in  aquifers  not  considered  to  afford  adequate  protection  against  contamina¬ 
tion  front  surface  or  other  sources  of  pollution.  Such  aquifers  normally  would 
include  fractured  and  channeled  limestone,  unprotected  impervious  hard 
rock  where  intrastate  water  is  obtained  ftoni  mechanical  fractures,  joints, 
etc.,  with  surface  connections,  and  coarse  gravels  suhieeted  to  surface  water 
infiltration.  The  physical  and  chemical  standards  quoted  above  for  Class  A 
intrastate  waters  shall  also  aprlv  to  these  intrastate  waters  in  the  untreated 
state,  except  as  listed  below; 

Substance  or  Characteristic  Limit  or  Range 

Fecal  coliform  organisms  200  most  probable  number  per  100 

milliliters 

Turbidity  value  25 


m in  it 

Substance  or  Characteristic 
Phenol 

Sulfates  (SO,) 

Total  dissolved  solids 
Zinc  (Zn; 

Barium  (Ba) 

Cadmium  (Cd) 

Chromium  (Hc.xavalent,  Cr) 
Lead  (Pb) 

Selenium  fSe) 

Silver  (Ag) 

Radioactive  material 


10 
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Class  I)  The  quality  of  this  class  of  the  intrastate  waters  of  the  state 
shall  be  such  that  after  treatment  consisting  of  coagulation,  sedimentation, 
filtration,  storage  and  chlorination,  plus  additional  pre,  post,  or  intermediate 
stages  of  treatment,  or  other  equivalent  treatment  processes,  the  treated  water 
will  meet  in  all  respects  the  recommended  requirements  of  the  Public  Health 
Service  Drinking  Water  Slandards-1962  for  drinking  water  as  specified  in 
Publication  No.  956  published  by  the  Public  Health  Service  of  the  U.  S. 
Department  of  Health,  Education  and  Welfaie.  and  any  revisions,  amend¬ 
ments  or  supplements  thereto.  This  standard  will  ordmarilv  be  restricted  to 
surface  wa'ers,  and  ground  waters  in  aquifers  not  considered  to  alforj  ade¬ 
quate  protection  against  contaminatie'n  from  surface  or  o.her  sources  of 
pollution.  Such  aquifers  normally  would  include  Iractured  and  channeled 
limestone,  unprotected  impervious  hard  rock  where  water  is  obtained  from 
mechanical  fractures,  joints,  etc.,  wilh  surface  connections,  and  coarse 
gravels  subjected  to  surface  water  infiltration.  The  concentrations  or  ranges 
given  below  shall  not  be  exceeded  in  the  raw  watcis  before  treatment: 


Substance  or  Characteristic 
Fecal  coliform  organisms 

Arsenic(As) 

Barium  (B.i) 

Cadmium  (Cd) 

Chromium  (Cr  +  6) 

Cyanide  (CN) 

Fluoride  (F) 

Lead  (Pb) 

Selenium  (Se) 

Silver  (Ag) 

Radioactive  Material 


Limit  or  Range 

200  most  probable  number  per  100 
milliliters 

0.05  milligram  per  liter 
1  milligram  per  liter 
0.01  milligram  per  liter 
0.05  milligram  per  liter 
0.2  milligram  per  liter 
1.5  milligrams  per  liter 
0.05  milligram  per  liter 
0.01  milligram  per  liter 
0.05  milligram  per  liter 
Not  to  exceed  the  lowest  concentra¬ 
tions  permitted  to  be  discharged  to 
an  uncontrolled  environment  as 
prescribed  by  the  appropriate  au¬ 
thority  having  control  over  their 
use. 


In  addition  to  the  above  listed  standards,  no  sewage,  industrial  waste  or 
other  wastes,  treated  or  untreated,  shall  be  discharged  into  or  permitted  by 
any  person  to  gain  access  to  any  intrastate  waters  classified  for  domestic 
consumption  so  as  to  cause  any  material  undesirable  increase  in  the  taste, 
hardness,  temperature,  toxicity,  corrosiveness  or  nutrient  content,  or  in  any 
other  manner  to  impair  the  natural  quality  or  value  of  the  instrastate  waters 
for  use  as  a  source  of  drinking  water. 


(2)  Fisheries  and  Recreation 

Class  A  The  quality  of  this  class  of  the  intrastate  waters  of  the  state 
shall  be  such  as  to  permit  the  propagation  and  maintenance  of  warm  or 
cold  water  sport  or  commercial  fishes  and  be  suitable  for  aquatic  recreation 
of  all  kinds,  including  bathing,  for  which  the  waters  may  be  usable.  Limiting 

11 
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concentrations  or  I  s  of  m:’'"-:: 
be  exceeded  >i)  the  miiu.uie  w-  -:> 

Substance  or  Characteristic 
Dissolved  oxygen 


Temperature 
Ammonia  (N) 
Chlorides  (Cl) 
Chromium  (Cr) 
Copper  (Cu) 

Cyanides  (CN) 
Oil 

pH  value 
Phenols 


Turbidity  value 
Color  value 

Fecal  coliform  organisms 


Radioactive  materials 


or  ch  ir  irteristics  vs  Inch  should  not 

Limit  or  Range 

Not  less  than  7  milligrams  per  liter 
from  October  1st  and  continuing 
through  May  31st, 
and 

Not  less  than  6  milligrams  per  liter 
at  other  times 
No  material  increase 
0.2  milligram  per  liter 
50  milligrams  per  liter 
0.02  milligram  per  liter 
0.01  milligram  per  liter  or  not  greater 
than  I  / 1 0  the  96  hour  TLM  value. 
0.02  milligram  per  liter 
0.5  milligram  per  liter 
6.5  -  8.5" 

0.01  milligram  per  liter  and  none  that 
could  impart  ojor  or  taste  to  fish 
flesh  or  other  lTC'h-uater  edible 
products  such  as  crayfish,  clams, 
prawns  and  like  creatures.  Where  it 
seems  probable  that  a  discharge 
may  result  in  tainting  of  edible 
aquatic  products,  bio-assays  and 
taste  panels  will  be  required  to 
determine  whether  tainting  is  iikely 
or  present. 

10 

30 

200  most  probable  number  per  100 
milliliters  as  a  monthlv  geometric 
mean  based  on  not  less  than  5 
samples  per  month,  nor  exceed  400 
most  probable  number  per  100  nul- 
liiters  in  more  than  10r7  of  all 
samples  during  anv  month. 

Not  to  exceed  the  lowest  concentra¬ 
tions  permitted  to  be  discharged  to 
an  uncontrolled  environment  as 
prescribed  by  the  appropriate  au¬ 
thority  having  control  over  their 
use. 


Class  B  The  quality  of  this  class  of  the  intrastate  waters  of  the  state 
shall  be  such  as  to  permit  the  propagation  and  maintenance  of  cool  or  warm 
water  sport  or  commercial  fishes  and  be  suitable  for  aquatic  recreation  of 
all  kinds,  including  bathing,  for  which  the  waters  may  be  usable.  Limiting 
concentrations  or  ranges  of  substances  or  characteristics  which  should  not 
be  exceeded  in  the  intrastate  waters  arc  given  below: 

Substance  or  Characteristic  Limit  or  Range 

Dissolved  oxygen  Not  less  than  6  milligrams  per  liter 

from  April  I  through  Mas  31.  am! 

12 
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Substance  or  Chaiactcrisl'a 


Temperature 


Ammonia  (N) 
Chromium  (Cn 
Copper  (Cu) 

Cyanides  (CN) 
Oil 

pH  value 
Phenols 


Turbidity  value 

Fecal  coliform  organisms 


Radioactive  materials 


Limit  or  Range 

Not  less  than  5  milligrams  per  liter 
at  other  times. 

5"F  above  natural  in  streams  and  3°F 
above  natural  in  hikes,  based  on 
monthly  average  of  the  maximum 
daily  temperature,  except  in  no  case 
shall  it  csccvd  lhe  daily  average 
temperature  ot  tiG  F. 

1  milligram  p^r  liter 

0.05  milligram  per  liter 

0.01  milligram  per  liter  or  not  greater 
than  1/10  the  96  hour  TLNl  value. 

0.02  milligram  per  liter 

0.5  milligram  per  liter 

6.5  -  9.0 

0.01  milligram  per  liter  and  none  that 
could  impart  odor  or  taste  to  fish 
flesh  or  other  freshwater  edible 
products  such  as  crayfish,  clams, 
prawns  and  like  creatures.  Where  it 
seems  probable  that  a  discharge 
may  result  in  tainting  of  edible 
aquatic  products,  bioassays  and 
taste  panels  will  be  required  to  de¬ 
termine  whether  tainting  is  likely 
or  present 

25 

200  most  probable  number  per  100 
milliliters  as  a  monthly  geometric 
mean  based  on  not  less  than  5 
samples  per  month,  nor  equal  or 
exceed  2000  most  probable  number 
per  100  milliliters  in  more  than 
10 rc  of  all  samples  during  any 
month. 

Not  to  exceed  the*  lowest  concentra¬ 
tion  permitted  to  be  discharged  to 
an  uncontrolled  environment  as 
prescribed  by  the  appropriate  au¬ 
thority  having  control  over  their 
use. 


Class  C  The  quality  of  this  class  of  the  intrastate  waters  of  the  state 
•hall  be  such  as  to  permit  the  propagation  and  maintenance  of  rough  fish 
or  species  commonly  inhabiting  waters  of  the  vicinity  under  natural  condi¬ 
tions.  and  be  suitable  for  boating  and  other  forms  of  aquatic  recreation  fo, 
which  the  interstate  waters  may  be  usable.  Limiting  concentrations  or  ranges 
of  substances  or  characteristics  which  should  not  be  exceeded  in  the  intra¬ 
state  waters  arc  given  below: 

Substance  or  Characteristic  Limits  or  Range 

Dissolved  oxygen  Not  less  than  5  milligrams  per  liter 

from  Arril  1  through  November 
30,  anJ  not  less  tlun  4  milligrams 
per  liter  at  other  times. 
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Substance  or  Characteristic 
Temperature 


Ammonia  'N ) 
Chromium  ‘Cn 
Copper  (Cu) 

Cyanides  (CN> 
Oil 


pH  value 
Phenols 


Turbidity  value 

Fecal  coliform  organisms 


Radioactive  materials 


Limit  or  Itangc 

5"  ahove  natural  m  stream',  and  .V 
abuse  n..t::r..l  m  I..m  ha  vd  e>:i 
monthly  uvetuge  ol  the  niaMmum 
dailv  temperature  except  in  no  case 
sha1!  it  d  -lie  dads  average 

temperate. 'e  vf  VII  I  . 

1 .5  milligram-,  rcr  liter 
0.05  ni'liicrarn  per  liter 
0.01  m  :!  ieratn  per  ii’er  or  not  creator 
than  1  10  the  "<>  hour  [1  M  value 
0.02  milligram  per  liter 
10  nullic;  anis  rer  I  ter,  ,.rd  none  m 
such  quantities  as  to  (1/  produce  a 
visible  color  film  on  the'  surface.  (2i 
impart  an  oil  odor  to  water  or  an  oil 
taste  to  !:-h  and  edible  invertebrates. 
(3)  coat  the  hanks  and  bottom  of 
the  watercourse  or  taint  any  of  the 
associated  biota,  or  l-ii  become 
effective  toxicants  according  to  the 
criteria  recommended 
6.5-9. 0 

0.1  milligram  per  liter  and  none  that 
could  impart  oJor  or  t,.ste  to  fish 
flesh  or  other  freshwater  edible 
products  such  as  crayfish,  clams, 
prawns  and  iike  creatures  Where  it 
seems  probable  the!  a  di'charce 
mas  result  in  tainting  o.  edible 
aquatic  products,  bioasvtvs  and 
taste  panels  will  he  required  to  de¬ 
termine  whether  tainting  is  likely  «r 
present 
25 

200  most  probable  number  per  1 1 iO 
milliliters  ,i s  a  geometric  moan  nor 
equal  or  exceed  20UU  mo-t  probable 
number  per  100  milliliters  in  more 
than  10'"-  of  the  samples. 

Not  to  exceed  the  lowest  concentra¬ 
tions  permuted  tv'  he  discharged  to 
an  uncontrolled  environment  as  pre¬ 
scribed  h\  the  appropriate  authority 
having  control  over  their  use 


For  all  classes  of  fisheries  and  recreation  waters,  the  aquatic  habitat, 
which  includes  the  intrastate  waters  and  stream  bed,  'hall  not  be  degraded  in 
any  material  manner,  there  shall  he  no  material  increase  in  undesirable 
slime  growths  or  aquatic  plants,  including  algae,  r.or  shall  there  be  any  sig¬ 
nificant  increase  m  harmful  pesticide  or  other  residues  in  the  waters,  sedi¬ 
ments  and  aquatic  flora  and  fauna:  the  normal  fishery  and  lower  aquatic 
biota  upon  which  it  >s  dependent  anil  the  use  ihereof  shall  not  he  seriously 
impaired  or  endangered,  the  species  composition  shall  not  he  altered  ma¬ 
terially,  and  the  propagation  or  migration  of  the  iish  and  other  biota  nor 
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mrdly  prcsen(  shall  not  he  prevented  or  hindered  by  the  discharge  of  any 
s-  .. -e,  industrial  waste  or  other  waste  effluents  to  the  intrastate  waters. 

No  sewage,  industrial  waste  or  other  wastes  shall  be  discharged  into 
any  of  the  intrastate  waters  of  this  category  so  as  to  cause  any  material 
change  in  any  other  substances  or  characteristics  which  may  impair  the 
quality  of  the  intrastate  waters  or  the  aquatic  biota  of  any  ot  the  above- 
listed  classes  or  in  any  manner  render  them  unsuitable  or  objectionable  for 
fishing,  fish  culture  or  recreational  uses.  Additional  selective  limit.  or  changes 
in  the  discharge  bases  mav  be  imposed  on  the  basis  of  local  needs. 


(3)  Industrial  Consumption 


Class  A  The  quality  of  this  class  of  the  intrastate  waters  of  the  state 
shall  be  such  as  to  permit  their  use  without  chemical  treatment,  except 
softening  for  ground  water,  for  most  industrial  purposes,  except  food  proc¬ 


essing  and  related  uses,  for  which  a 
quality  shall  be  generally  comparabli 
sumption,  except  lor  the  following: 

Substance  or  Characteristic 
Chlorides  (Cl) 

Hardness 
pH  value 

Fecal  coliform  organisms 


high  quaiitv  ot  water  is  required.  The 
;  to  Class  B  waters  for  domestic  con- 

Limit  or  Range 

50  milligrams  per  liter 
50  milligrams  per  liter 
6.5-8. 5 

200  most  probable  number  per  100 
milliliters 


Class  B  The  quaiitv  of  this  class  of  the  intrastate  waters  of  the  state 
shall  be  such  as  to  permit  their  use  for  general  industrial  purposes,  except 
for  food  processing,  with  onlv  a  moderate  decree  of  treatment.  The  quality 
shall  be  generally  comparable  tv)  Class  D  intrastate  waters  used  for  domestic 
consumption,  except  the  following: 


Substance  or  Characteristic 

Chlorides  (Cl) 

Hardness 
pH  value 

Fecal  coliform  organisms 


Limit  or  Range 

100  milligrams  per  liter 
250  milligrams  per  liter 
6.0-9. 0 

200  most  probable  number  per  100 
milliliters 


Class  C  The  quality  of  this  class  of  the  intrastate  waters  of  the  state 
shall  be  such  as  to  permit  their  use  for  industrial  cooling  and  materials 
transport  without  a  high  degree  of  treatment  being  necessary  to  avoid  scveic 
fouling,  corrosion,  scaling,  or  other  unsatist.ictory  conditions.  The  following 
shall  not  be  exceeded  in  the  intrastate  waters: 


Substance  or  Characteristic 
Chlorides  (Cl) 

Hardness 
pH  value 

Fecal  coliform  organisms 


Limit  or  Range 

250  milligrams  per  liter 
500  milligrams  per  liter 
6. 0-9.0 

200  most  probable  number  per  100 
milliliters 


Additional  selective  limits  may  be  imposed  for  any  specific  intrastate 
waters  as  necdeJ. 

In  addition  to  the  above  listed  standards,  no  sewage,  industrial  waste  or 
other  wastes,  treated  or  untreated,  shall  be  discharged  into  or  permitted  by 
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any  person  to  gain  access  to  any  intrastate  waters  classified  for  industrial 
purposes  so  as  to  cause  any  material  impairment  of  their  use  as  a  source  of 
industrial  water  supply. 


(4)  Agriculture  and  Wildlife 

Class  A  The  quality  of  this  class  of  the  intrastate  waters  of  the  state 
shall  he  such  as  to  permit  their  use  for  irrigation  without  significant  damage 
or  adverse  effects  upon  any  crops  or  vegetation  usually  grown  in  the  waters 
or  area,  including  truck  garden  crops.  The  following  concentrations  or  limits 
shall  be  used  as  a  guide  in  determining  the  suitability  of  the  waters  for  such 
uses,  together  with  the  recommendations  contained  in  Handbook  60  pub¬ 
lished  by  the  Salinity  Laboratory  of  the  U.  S.  Department  of  Agriculture, 
and  any  revisions,  amendments  or  supplements  thereto: 


Substance  or  Characteristic 
Bicarbonates  (HCO.) 

Boron  (B) 
pH  value 

Specific  conductance 
Total  dissolv  ed  salts 
Sodium  (N'a) 

Fecal  coliform  organisms 

Sulfates  (SO,) 


Radioactive  materials 


Limit  or  Range 

5  milliequivalents  per  liter 

0.5  milligram  per  liter 

6.0-8. 5 

1,000  micromhos  per  centimeter 

700  milligrams  per  liter 

600-  of  total  cations  as  milliequiva- 
lents  per  liter 

200  most  probable  number  per  100 
milliliters 

10  milligrams  per  liter,  applicable  i0 
waters  used  for  production  of  wild 
rice  during  periods  when  the  rice 
may  he  susceptible  to  damage  by 
high  sulfate  levels. 

Not  to  exceed  the  lowest  concentra¬ 
tions  permitted  to  he  discharged  to 
an  uncontrolled  environment  as  pre¬ 
scribed  by  the  appropriate  authority 
having  control  over  their  use. 


Class  B  The  quality  of  this  class  of  the  intrastate  waters  of  the  state  shall 
be  such  as  to  permit  their  use  by  livestock  and  wildlife  without  inhibition  or 
injurious  effects.  The  limits  or  concentrations  of  substances  or  characteristics 
given  below  shall  not  be  exceeded  in  the  intrastate  waters: 


Substance  or  Characteristic 
pH  value 
Total  salinity 
Fecal  cohtorm  organisms 

Radioactive  materials 


Unspecified  toxic  substances 


Limit  or  Range 

6.0-9. 0 

1,000  milligrams  per  iitcr 

200  most  probable  number  per  100 
milliliters 

Not  to  exceed  the  lowest  concentra¬ 
tions  permitted  to  be  discharged  to 
an  uncontroMcd  environment  as  pre¬ 
scribed  bv  the  appri  priate  authority 
having  control  over  their  use. 

None  at  levels  harmful  either  directly 
or  indirectly. 


Additional  selective  limits  may  he  imposed  for  anv  specific  intrastate  wa¬ 
ters  as  needed 
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(5)  Navigation  and  Waste  Disposal.  The  quality  of  this  class  of  the 
intrastate  waters  nt  the  slate  > h . • '  1  he  such  as  to  he  suit.ihle  tor  cstlune  en¬ 
joyment  of  scenery  and  to  avoid  any  interference  with  navigation  or  d..:n.  g- 
ing  effects  on  property.  Tfie  loilovung  limits  or  concentrations  shall  not  be 
exceeded  in  the  intrastate  waters: 

Substance  or  Characteristic  Limit  or  Range 

Fecal  coliform  organisms  200  most  probable  number  per  100 

milliliters 

pH  value  6. 0-9.0 

Hydrogen  sulfide  0.02  milligrams  per  liter 

Additional  selective  limits  may  be  imposed  for  any  specific  intrastate  wa¬ 
ters  as  needed. 

(6)  Other  Uses.  The  uses  to  be  protected  in  this  class  may  be  under 
other  jurisdictions  and  in  other  areas  to  which  the  intrastate  waters  of  the 
state  are  tributary,  and  may  include  any  or  all  of  the  u-es  listed  in  the  fore¬ 
going  categories,  plus  any  other  possible  beneficial  uses.  The  Agency  there¬ 
fore  reserves  the  right  to  impose  anv  standards  necessary  for  the  protection 
of  this  class,  consistent  with  legal  limitations. 

Filed  August  15,  1967.  Amended  October  4,  1973 

( Due  to  numerous  changes,  only  the  new  rule  is  show  n  here) 
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WATER  QUALITY  SUMMARY 


The  quality  of  water  f rom  the  Mississippi  River  Headwaters  Lakes 
is  of  concern  to  both  lake  residents  and  downstream  interests.  Water 
samples  taken  in  1972  and  1973  from  each  of  the  six  headwaters  lakes 
indicated  that  the  water  was  of  acceptable  qualitv  for  use  as  a 
public  water  supply  in  all  but  Sandy  Lake,  wlu-re  water  was  too  high 
in  iron  and  color  to  warrant  general  use  without  treatment. 

The  water  from  these  lakes  also  met  normal  barter iological  ex¬ 
pectations  in  1973.  Bacteriological  plate  counts  were  less  than  20,000 
mg/1  (milligrams  per  liter),  and  eoliform  organisms  were  far  less  than 
the  50-mg/l  standard  which  defines  water  suitable  for  recreation  activi¬ 
ties  involving  total  body  immersion.  The  following  two  tables  summarize 
the  headwaters  lakes  1973  water  quality  conditions  with  various  standards 
of  comparison. 


D-21 


Microbial  composition  of  water  samples  (July  1973) 


Sample  site 

Total 

Coli form 

Fecal  coliform 

Winnibigoshish  Lake 

Reservoi r 

168 

1 

0 

Below  dam 

4,  368 

0 

0 

Leech  Lake 

Reservoir 

4,956 

0 

0 

Below  dam 

5,292 

0 

0 

Pokegama  Lake 

Reservoi r 

1,596 

0 

0 

Below  dam 

3,  360 

0 

0 

Sandy  Lake 

Reservoi r 

5,544 

0 

0 

Below  dam 

3,780 

0 

0 

Pine  River  Lake 

Reservoir 

3,276 

1 

0 

Below  dam 

2,688 

1 

0 

(lull  Lake 

Reservoir 

1,764 

0 

0 

Below  dam 

6,552 

0 

0 

Mississippi  River 

above  Brainerd 

1,764 

0 

0 

Total  plate  counts  of 

less  than 

20,000 

orpnnisms  per 

1 00  mi  111- 

liters  are  considered  acceptable  for 

activities  involving 

total  body 

immersion,  such  as  swimming 

.  Waters 

having 

0  to  50  total 

co 1 i form 

organisms  per  100  milliliters  meet  U.S.  Public  Health  Service  Standards 
for  use  as  a  water  supply  with  simple  chlorination.  Waters  classified 
for  recreation  of  all  kinds  should  not  exceed  200  most  probable  number 
per  100  milliliters  (MPN  per  100  ml)  fecal  col i form  and  water  suitable 
for  domestic  consumption  should  not  exceed  10  MPN  per  100  ml  fecal 
coll  form  according  to  Minnesota  standards. 
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Effluent  from  the  Bemidji,  Minnesota,  waste  treatment  plant  was 
a  major  concern  during  the  period  1976-77.  The  city  is  attempting  to 
upgrade  the  effluent  quality  of  the  system  under  guidance  from  the 
Minnesota  Pollution  Control  Agency.  The  effluent  is  discharged  into 
the  Mississippi  River  upstream  of  the  six  headwaters  lakes. 

Currently,  141  municipalities  and  96  industrial  facilities  dis¬ 
charge  into  surface  waters  in  the  basin  above  St.  Paul,  Minnesota. 

The  nine  monitoring  sites  maintained  by  the  Minnesota  Pollution  Control 
Agency  on  the  Upper  Mississippi  River  main  stem  portion  of  the  basin 
show  the  major  water  quality  problem  to  be  fecal  coliform  levels.  The 
limiting  water  quality  parameter  for  fecal  coliform  levels  is  200  MPN 
(most  probable  number)  per  100  milliliters,  and  the  limiting  parameter 
is  exceeded  33  percent  of  the  time.  The  major  sources  of  the  problem 
are  concentrated  urb  in  areas  such  as  Bemidji,  Grand  Rapids,  and  Brainerd, 
Minnesota.  A  plot  profile  of  water  year  1975  fecal  coliform  levels 
for  the  Mississippi  River  to  the  Iowa  border  was  developed  by  the 
Minnesota  Pollution  Control  Agency  and  is  shown  on  the  following 
profile. 
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The  following  locations  of  significant  municipalities,  tributaries, 
and  geographic  features  of  the  Mississippi  River  aid  in  evaluating 
the  preceding  concent  rat  ion  versus  river  mile  plots. 


River  mile 

Municipality  or  tributary 

1365 

Lake  T tnsea 

1292 

Bern id j i 

1186 

Cohasset 

1177 

Grand  Rapids 

1010 

Brainerd 

929 

St.  Cloud 

854 

St.  Anthony  Falls 

844 

Minnesota  River 

835 

Metropol itan  Wastewater 

Treatment  plant 

813 

Vermi 1 1  ion  River 

81.1 

St.  Croix  River 

797 

Red  Wing 

728 

Winona 

674 

Iowa  border 

Data 

for  the  fecal  col.  i  ft 

'rrn  profile  plot  and  for  other  water  qua 

paramo  tors 

were  obtained  from  . 

i  primarv  monitoring  network  operated  by 

the  Minnesota  Pollution  Control  Agency.  The  location  of  the  primary 


network  stations  is  shown  on  the  following  location  nap. 
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WATER  QUALITY  BY  LAND SAT 


MINNESOTA  POLLUTION  CONTROL  AGENCY 

The  Minnesota  Pollution  Control  Agency  completed  a  land 
satellite  imagery  study  of  much  of  the  Mississippi  River  Headwaters 
Area  in  November  1977,  in  cooperation  with  t he  I'niversity  of  Wisconsin 
and  Bendix  Aerospace  Systems.  The  study  produced  colored  images  show¬ 
ing  specific  land  uses  and  water  quality  parameters  on  1:250,000  scale 
maps.  A  copy  of  the  September  1976  Land  Satellite  Scene  and  legend 
is  shown  on  the  following  pages. 


Color  ; ode  -  water 

Dark  blue 
Turquoise 

Light  green 
Dark  green 
Brown 

Wh  i  t  e 

Black 

Color  code  -  land 


Pink 

Bare  rock  or  hare  concrete. 

White 

Open  disturbed  'p-tas  (i.o.,  cities,  old  mini 
etc.)  or  marsh  grass  over  wetland. 

Ve  J.  J  ow 

Predominant Iv  nonforest  open,  small  thin  to: 
or  brush. 

Light  gray 

Hardwoods  and  hardwood  'con i f er  mix. 

Dark  gray 

Coni fers . 

Black 

Unc 1 assi f iod . 

Deep,  clear  water  (oligotrophic  lakes). 

Marl  lakes  (calcium  carbonate  particles  suspended 
in  water)  or  other  clear  water  with  small 
amounts  of  glacial  flour,  rock  flour,  or 
soil  particles  in  it  (oligotrophic  lakes). 

Non-tannin  water  with  light  to  medium  algae. 

Medium  to  ! eavy  algae  (eutrophic  lakes). 

Brown  tannin  water  or  heavy  silt/mud  suspench  d 
in  water,  sand/mud  bottom  showing,  or  light  to 
medium  wild  rice  or  other  water  grasses  in 
shallow  water. 

In  lakes:  heave’  wild  rice  or  other  water  grasses 
obscuring  the  water. 

Unc 1  ass i f ted . 
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1'Le  Land  Sate]  1  Ite  survey  and  related  ground  cheeking  is  a  con- 
ai.  i'.t  way  to  cover  a  large  area  and  obtain  general  information  on 
ike  water  quality  at  a  cost  of  $2  to  $4  per  square  mile.  This  type  of 
urvev  can  he  used  to  locate  problem  areas  which  can  then  be  analvxed 
os.  r  with  standard  water  sampling  techniques.  However,  the  Land 
at  el  !  i t  e  imagery  must  he  correlated  closely  with  ground  observations 
o  distinguish  whether  a  lake  such  as  Pokegama,  fot  example,  has  a 
uspended  silt  problem,  is  high  in  tannin,  or  is  covered  with  wild  ri  <••••. 

The  Land  Satellite  scene  for  the  Mississippi  River  Headwaters  area 
nncars  to  indicate  the  characteristics  shown  in  the  following  table. 


-and  Satellite  Identification  -  Mississippi.  River  Headwaters  area 


.  uni:'  lies! 


■gnnn 


•  ■  t  ve  r 

i  i  <  e  f  i  sh  cit  tin ) 


Col  or 


Ident  i  f  i  c.a  t  i  on 


Hark  blue  with  brown 
bond i ng 


Peep  lake  wi rk  1 aki  hot 
or  suspended  silt  show:' 


Turquoise  to  dark  blue  Cere  rally  a  marl  lake  wi  • 

sever. 1 1  wi  1  d  r :  c-  Lavs  . 


brown 

Green  and  brown, 
clue-brown  and  gr.- 

N'ot  shown 


Lake  hot t  cm ,  suspet 
or  tannin  si-owing. 

Ligiit  a’e.i"  and  w; 

v  1  a r  are-!-.,  silt 
areas,  1 1 gae  ar  as 


1 

; 
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RTGItTN  3  REGIONAL  DEVELOPMENT  COMMISSION 


I  he  Region  b  Regional  Development  Commissi, n  in  Staples,  M  i  •  •  , 

,-cmp  I  et  >'d  a  water  quality  study  in  the  Missis--  ippi  River  Hi  advat  t-rs  Mu., 
trea  in  1977,  using  land  satellite  imagery.  I' he  study  included  t  hat 
portion  of  the  Mississippi  River  Headwaters  Lakes  area  in  Cass  and  Cr'w 
Ling  Count i es . 

The  study  attempted  to  identify  a  mi.tihc:  of  water  quality 
parameters  for  the  water  areas  but  was  successful  only  in  carrel  it  ing 
seeohi  deptli  and  chlorophyll  a.  Seech i  dept  i.  is  a  measurement  f  tin 
transparency  of  water;  the  lower  the  seech  i  measurement ,  tile  :ru  re  - 
pended  matter  is  present.  Chlorophyll  a  is  used  to  estimate  the  nut  r i •  nt 
lead  and  resultant  eutrophication  of  a  lake.  Excessive  chlorophyll  a. 
levels  and  resultant  eutrophication  limit  the  usefulness  of  wat  i  r  ]•>■■■'■ : .  s 
for  recreation,  water  supply,  and  ether  purpose-. 

The  Region  5  Regional  Development  Commission  studv  shews  t  h..t  tie 
six  headwaters  lakes  have  no  unusual  problems  with  wata  r  d.iritv  cr 
1  gal  growth  except  for  Leech  hake  and  Pokcgana  f  1  e-wago  i  ak«  Th. 

■  aim  west  hays  of  Leech  hake  and  sever  a  upstream  S'  i  ev  tecs  in’.  •. 

P.  kegania  l.ake  slnw  high  eh  1  eropiivl  1  a  (nutrients). 

Four  hand  Satellite  scenes  and  a  legend  me  shown  er.  tin  f . •  I  1  - v.  1  •  .. 
table  and  photographs. 
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Area  I  -  Chlorophyii  a 

scaie  i  500  000 


LIMnIOLOGICA..  su-;a:y 

.,1.1.  six  Headwaters  lakes  were  surveyed  in  a  1-year  water  quality 
samp!  in >»  program  from  August  l^/ri  to  September  l’<  /•*  l>v  the  St.  Paul  l'-ls- 
t  riet.  Corps  ot  hagineers.  ilio  work  was  part  of  a  District  program  to 
obtain  basic  lata  on  16  impoundments  operated  by  the  Corps.  Hie  data 
will  be.  used  to  determine  the  need  for  future  water  qualitv  sampling, 
identify  potential  and  existing  water  problems,  and  help  determine  the 
need  for  revising  present  lake  operations  to  improve  water  qualitv. 

The  i h- rose rvo i r  survey  was  conducted  by  the  luiversitv  of  Minnesota 
under  contract  to  the  Corps.  A  summary  of  the  -survey  results  was  pub  1  i  she 
:::  a  four-part  report  prepared  bv  the  Univc  isity  of  Minnesota’s  Department 
.  i  ■  cologv  and  behavioral  biology  in  May  1980. 

ihe  results  of  the  1979-1980  survey  illustrate  that  the  Mississippi 
a  i  v  •  r  headwaters  1  akes  have  significantly  better  water  quality  than  lakes 
>  ter  t'-.rt  ions  of  the  St.  Paul  District.  The  headv  :  or*  lakes  have  :•  u 

■.  ;•  eoneent  ration:;  .  f  eh  lorophv  1 1  a,  are  tore  transparent,  an.!  are  ;  o-.a  : 

in  t  rat  ions  •  f  .  i ;  ’  rophyll  a  indicate  that,  p’  : 

'  :in'V  anuiwi-mt  in  bar  qui  Parle  and  l.aki  -  ,  :  r 

La. ic.  m  'Vkegnma  Lake  and  Cross  Lake,  no;.  ,  n  i  :  . 
'■■ntrai  Minnesota.  Mean  concent  rat  ions  of  eh  lorophv  1 1  in  the  retie  rv  >i  rs 
dss.T),)  an  concentrations  of  phosphorus;  there  are  strong  linear  correla¬ 
tions  between  me  an  cnlorephvll  and  mean  total  phosphorus  and  between  wean 
,  i:  i  •  •  r.'Ptiv  1  !  aid  mean  par!  ietilalo  nnospiio  rus .  Mean  coneon t rat i on  ■  <>•' 

a  >i  t  i  •  uiute  •  •  rgan  i  c  material-;  li’CODi  in  the  reserv'd  rs  an-  als.  strong  1  •• 
ite.l  with  mean  concent  rat  i  ons  of  phospliorus. 

a  w. •  re  collected  from  most  of  the  reservoirs,  usunllv  at  three 

or  mop-  site-  ,  .  u  s  i  .••  dates  during,  spring,  summer,  .and  autumn.  Mean  •cou¬ 
nt  rat  ions  1  .-h  lorophv  1  !  a,  I’DU),  phospliorus,  and  stvei  f  i  e  conduct  once 
i  u  oil  face  ,  -.i-;es  wore  computed  from  means  for  each  sampling  date.  t  ’  -  a- 
tie-  loll  ow  i  ne  t  ah  le .  ) 
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Summary 

Reservoir 

table  -  1979- 

-80  limnological 

(1) 

survey 

Chi 

PCOD 

TP 

PP 

COM 

1. 

Pokegama 

5.5 

45 

1.1 

0.5 

238 

2  # 

Cross 

6.0 

50 

1.  1 

0.8 

218 

3. 

Leech 

7.0 

69 

1.3 

0.4 

249 

•4  . 

Gull 

9.8 

66 

1.3 

0.5 

204 

3 . 

Winnibigoshish 

13 

87 

1.9 

0.5 

253 

6 . 

Red 

14 

259 

1.7 

0.9 

243 

7 . 

Big  Sandy 

16 

92 

1.9 

1.6 

102 

3. 

Homme 

22 

84 

3.9 

1.3 

563 

9. 

0  rwe 1 1 

26 

104 

3.6 

1.5 

36  3 

:■). 

Ashtabula 

30 

159 

6.1 

1.3 

521 

ii. 

Eau  Galie 

42 

109 

2.4 

1.4 

12. 

Mud 

47 

180 

3.0 

3.6 

13. 

Highway  75 

63 

136 

8.2 

2.3 

1  4  . 

Marsh 

69 

323 

o  .  s 

3 . 9 

*‘5 

1 5  . 

Lac  Qui  Parle 

77 

213 

5 

■.  3 

■  ■  !  t 

1  *5  . 

Traverse 

81 

258 

8.3 

^  1 

^  ‘ 

(1)  The  table  shows  mean  concentrations  of  ch_l ^ropliv  1  1  u  (re,  (lit  m  '1  , 
particulate  chemical  oxygen  demand  (mmole  I*  COD  m  ),_tjOtal  phosphorus 
(TP,  mmole  m  '),  particulate  phosphorus  (IT,  mmole  m  ),  and  mean  con¬ 
ductance  (CON,  ,-mho  cm  1  in  water  during  spring,  summer,  and  autumn. 

The  reservoirs  are  ranked  in  order  of  increasing,  concent  r  at  ions  ot 
chlorophyll  a. 
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Changes  in  alkalinity 

I'l'l  COIlt  n !  lakes 
showing  decline 

County  Lake  in  alkalinity 

Itasca  W  innib  igosh  isli  86  +  |j.q 

Poktigama 

Cass  Winnibigoshish  80  - .  n 

Leec  h 
Gul  1 

Aitkin  Sandv  No  1<I«()  test  data 

Crow  Wine.  Pino  100  -s.n 

(ail  1 

Based  on  the  MPCA  report,  we  conclude  that  a  1  t  hour,!]  there  is  i  t  t  en., 
toward  acidif  ication  of  smaller  lakes  with  limited  drains. :e  areas,  !  iw 
of  the  six  headwaters  lakes  are  not  likely  to  he  adversely  a!  1  cried  !•• 
acid  rain.  Their  relatively  large  sixes  and  drains. to  areas  and  their 
watershed  ueolos;v  tend  to  offset  the  etiects  ol  acid  rain. 

Sandy  Lake  could  he  the  exception  in  that  the  till  plain  soil  o' 
Aitkin  County  is  slightly  acidic  and  the  lake  has  the  hoc.  svsl  em  that 
contributes  to  dissolved  organic  material  and  humic  a.  ids.  : he  water 
Sandy  Lake  also  has  coloration  related  to  boa  stain.  However,  t  si  t  t  i  n 
the  trend  to  acidity  is  Sandv  Lake's  relatively  large  dr.iin.i  e  .na.i- 
to-lake  area  ratio  which  contributes  to  a  large  I  Mishins  canal'  i  1  its. 
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TWIN  CITIES  WATER  SUPPLY 


BACKGROUND 

The  metropolitan  Twin  Cities  area  comprises  a  total  oi  J,4hiS  - 
miles  and  is  oonimonlv  referred  to  as  the  Seven-Count  v  Metropolitan 
rite  seven  counties  are  Anoka,  Carver,  Dakota,  Hennepin,  Ttamsev,  So. 
and  Washington  (see  the  followup;  figure).  The  147a  population  oi 
area  was  just  over  2  million  people.  Water  supplv  sources  I  or  the 
consist  ol  natural  lakes,  rivers,  and  groundwater .  The  major  river 

i  lowing  through  or  lorminv.  the  metropolitan  area  houndarv  are  the  '1 
sissippi,  Minnesota,  St.  Croix,  Kira,  and  Crow  Rivers. 


D-a  I 


I 


'  u-  ;>r  esc:,;  p'm  :  .  •  :i<  •  r.  1 1  i  i  mi  .  '  i  in  he.  i  ■  :wa :  <-i  ■ 

i  •  * v  i  v : *  -  i  separat  <  . > r  spec  i.i  i  1  low  r. ■  W a v  >.  i  ■  ■  r  I  w  in  fit  i «  -  . a;  i  ■  :  ■ 

:  i  i :  :  ■  i  i  r  i.i  I  ih:  use-.  .  hi.  ;  reposed  I  i  :i  ,  ■  I  m  w-  a  I  ■.  ;  i  . 

;  i  ;  t  !  '  I  ' :  :  •  1  eases  l ..  on  .  - 1  (  e  tii.it  :  1  ■  i  : ;  Liu-  i  1 1  tit  i  i  .  :  i  • 

\>1  i  t.m  if.-.:  weuUi  not  drop  he  1>>v:  .  ipp  r  in. it  e  !  y  i  ,  iitlti  vis.  •  ini,  •  ! 

is  ,  .'-.is  idet'e,.  t>'  bo  tin1  v;  in  i::.u- 1  roi|tt  ired  t->  ::  oot  water  s  i  ;  •  •  •  i  v  .  = :  i  :  .'.tvs 

vv.'vr  s  in  tin  Twin  Cities  .iron  in  l  ho  ,-o-ir  J013.)  iliis  :  low  won  1.; 

o  ..  -t  u  it,  i  'stion  mu!  irri  ..it  ion  req  .<  i  I'e.v.eit  t  s  ups  t  r  o;i:-:  •"  hi. 

■  1  a.  :  pi  ms  v.oiiij  nt  o:npt  to  maintain  h  i  her  :  lows  it  Anoka  to  .-at  is!' 

•..is  Ti;  *os  iron  w.  it  or  qua  1  i  t  v  roqui.  •tin  nt  n.ivi  to  nr.ivihv  .v'i  in.  .  •  ! 

•  r  o.\  i  st  i  r.  hv.irepewor  darns  .in  t  ho  uppor  mvirii  ol  tin  Miss  :  <s  i e.  i  si..  :  . 

i ho  Mot  rope l It  an  Council  and  Twin  Cities  area  officials  :  -v. 
indicated  they  anticipato  that  water  from  the  headwaters  lakes  -t  orate, 
or  from  otiior  sources  will  he  needed  to  augment  low  flows  in  the 
iwi.ii  fit  lo.-  iron  after  the  year  2U00.  Construction  of  tin-  9-foot 
sinnoi  Mississippi  River  navigation  dams  largely  eliminated  tin-  need 
•  r  n. iv ignt ion  releases;  however,  during  low- flow  periods,  such  as 

■  '..iirred  in  the  summer  of  197b,  the  District  engineer  requested  volts, nt 

•irt  ai  Imer.t  of  lockages.  Lee  rages  in  t  ho  Twin  Cities  area  were  actual  lv 
: :  scent  intted  for  several  hours  because  of  insuf  f  ic  :  ••nt  river  flow.  Hoad- 
it  or  r<  ’eases  were  not  increased  ah.-vc  minimi;',  conservation  lew:  s  *•. 

:  f set  this  shortage,  but  this  could  have  h.  en  done  if  the  problem 
:  .  r- ist  ed  . 

Tiio  power  companies  with  plants  located  along  the  Missis-in;’:  • 

nave  expressed  concern  over  any  change  in  headwaters  lakes  rol>  ••«<.  -  • 

■  ouid  adversely  affect  power  production.  Through  stream flow  re  on  ’  .  t 
:  r-'t'  t  he  »<  headwaters  lakes,  15  hydropower  plants  have  benef  i  tovi  wit 
i-.  reased  power  output.  Also,  the  seven  steam-electric  p  1  .tuts  ih-n-t 
liie  nioutii  of  tile  Minnesota  River  rely  on  Mississippi  Rivvr  Ib'adwitt  rs 
releases  for  a  dependable  source  of  cooling  water. 


!  )-  4  ') 


permit  system  for  appri -print  ion  of  surf. wo  water  and  greundwa t <  r 


Minnesota  Isas  been  in  effect  since  I ‘>37.  Irrigation  permits  lor 
'!. drawing  surface  water  from  tlie  Mississippi  River  between  the  Mis 
,’i  Ri\er  Headwaters  Lakes  and  St.  Paul  have  increased  Iron  20  mgd 
!:  i  an  gall  i;i.-  per  dav)  (30  cfs)  in  1970  to  27.4  mgd  (42  its) 

1*77.  irrigation  withdrawals  will  continue  to  increase  in  the 
tire  and  will  compete  with  other  uses  during  w-fl  ew  periods. 

a  i.uii'.i  tahtc  summarizes  min  i::.u:  I'pi’1'1  "■  '  •  I"'  *  diver  i  L-w 

:  <  t  i  ud  i  nr  t  lie  1  w  in  bit  ies  .  . 


h.x;  STING  HUMAN!) 


Most  ol  tht'  area's  water  supply  tomes  trot::  either  the  Mississippi 
River  of  Iron;  v,  romuiwa  ter.  in  19/  1 ,  tile  two  la  r.  e:.t  tit  its,  M  i  nnea  pe  i  it 
ami  St.  Paul,  supp  Lied  slightly  over  I  million  people,  •  >  r  mi!  :  'i  the 
seven  eeuntv  area  population,  with  water.  I  he  amount  supp  I  i  eh  aver.red 
120  .'.aliens  per  person  per  day.  Surround  in;  .•ei.v-.m:  i  t  it  s  supp  1  i  ed  !>',  the 
two  larp.ef  eities  were  (1)  by  St.  Paul  -  tin-  .  w.-mui:  i  t  its  el  .test  >t  .  Pa., 
i'alton  Heights,  Lauderdale,  MapLewood,  Mend  :  mi. -hi  .,  ’  it  t  !.  1  i  am, 
uoseville,  and  Arden  hills  and  (21  bv  "■  i  mu-ap*  I  •.  -  the  e.  unit  1 1  s  ■  ■  f 
L  I  oom  i  n  a,  t  on ,  Golumhia  Heights,  Crystal.  Golden  Valiev,  i  I  I  I  p,  'lor;. in  - 
side,  twhieh  is  p;trt  ol  Kilina),  ami  N<  m.  Hope.  ■  he  tel  il  m  i  >  r  in  I- . 
Minneapolis  ami  St.  Paul  is  shown  on  the  '  I  i  ow  i  u  i  i  ue. 
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■  r  pmrped  ir.ji.i  ail  aquifers  during  the  peak  reran;!  pa  r  t  a'  t  i 
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I  ■*/('■  -.haws  chat  indiistrv  is  hv 


r  •  .  .  t  .-s  1  user 


'  ,-i  ,  mu":  i  n.  4  i  pon  out  a!  t  ho  total  .  in  .1  1  .  •  nil  i  t  i .  s  i  a  t  h 


it  an  aim  wi'i'o  supplied  by  y.raiindwut 
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haring  1976,  Twin  Cities  municipal  sv.teris  (es.'i  .•  I  •* !  ]v  Minm  an.-!  is) 
<•»'»  ion.  mi  preplans  witli  Mississippi  Rival  water  wi  i  hdrave 1 s  .  i  he 
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ian  the  estimated  9813-efs  average  month .v  1980  neons.  Tv>  prim  ip, a 
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n.anapeitent  tri'ii.is.  This  in  it  mi  plan 
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haul  w  i  t  lui  raw.i  I  o!  Jtft)  ■  •  i  i  veer  1'i.S.i  -  Series  t. ; 


uftO  -  Stiti. 


no  tine  r  va  t  i  on  trend).  When  eon!  runted  'with  n  )0-d,iv  ,  I  00- v  ear  low-!  lot 
event,  this  plan  produces  I  low  del  iricneiis  in  the  met  ropol  itan  at'e.i  . 
shown  in  the  L.'hles  on  the  t  ol  low  ins  t  i-.;m  I  In  '  irst  table  show.'  i 


•t  i  e  i  enev 


J  60  nine!  on  the  Mississippi  Hive;  above  t  lie  Mi  tines  >•  . 


I’lie  second  table  shows  a  del  icienev  .  I  J 


at  the  .out  a 


tne  .  1 ) nneso t  a  K  l  ver . 


third  table  shews  a  do!  ienc 


Metropolitan  Scwape  I'roatment  I’  hint  for  t  ho  '.0-bav,  1  Dtl-war  low  i  1 .  >w . 


1 


HYPOTHETICAL  STREAMFLOW  BUDGET  demonstrating  flow  deficiencies 
during  severe  drought  projected  to  year  2000  using  30-riay,  100-year  low  flow 
based  on  July,  August,  and  September  for  the  period  1935-71.  (Withdrawals 
are  rcpiesented  by  -  values;  additions  by  +  values  in  MGD. 


CHANGE  IN  ESTIMAT  ED  FLOW 


Discharge  Discharge  I  Deficiency 


Mississippi  River 


Neai  Anoka 

590 

Upstream  powerplant  use  not  represented  during  the  base 

pc,  md 

-  34 

556 

St.  Paul  peak  daily  withdrawal  during  severe  drought 

-100 

456 

Minneapolis  peak  daily  withdrawal 

-280 

176 

Riverside  powerplant.  non  consumptive  peak  cooling  demand 

(2  6  mgr)  consumptive  use  from  wells) 

7436 

176 

260  (60°o) 

Stream  flow  jt  St.  Anthony  Falls  locks  and  dams  for  naviga¬ 

tional  requirement  to  operate  locks 

7225 

176 

Inflow  (ground-water  discharge,  tributary  inflow,  etc.) 

+  125 

301 

Strcamfiov.  at  Lock  and  Dam  No.  1  for  navigation  require¬ 

ment  to  operate  lock 

7225 

301 

i 

CHANGE  IN(  ESTIMATED! 

Discharge  Discharge 

+  32  122 


Minnesota  River 
Near  Jordan 

Inflow  inrnund-w.ner.  tributary,  etc.) 
Biai  v  Dog  powerplant,  non  consump 
live  pe.it  rt.olmi;  (li  m-.rid  (3.2  mgd 
consumptive  use  from  wells) 
Subtotal  'it  mouth  of  Minnesota  River 


Mississippi  River 

A:  tit.  Paul 

Highbrirlge  powerplant.  peak  cooling  demand  (2  3  mgd 
consumptive  use  fiorn  wells) 

Inflow  (tnbutaiy  and  giound -water  inflow  between 
Minnesota  River  and  Metio  Pown  Plant) 
Metropolitan  Sewer  Plant  design  standard  minimum 
flow  requirement  1 A 00  mgd  proposed,  based  on 
7  day,  10  ye.,r  low  flow,  by  MPUA) 

Flow  deficiency  (augmentation  needed  to  maintain 
water  quality) 


203  (70'’ 


♦122  « 

423 

423 

♦326 

423 

♦  29 

452 

j  9*18  (68"  : 


Low- 1  low  r cLeasos  would  ho  needed.  In  a  drouy.ht  vear,  such  as  Liu-  1‘HO1,  , 


the  lake  levels  would  rant'.e  from  0.5  tool  to  i  or  5  toot  lower. 

A  dif  I' e  rent  approach  was  tried  with  t  lie  star.,-  i  ana  I  vs  i  •-  et  l  he 
l,h00-ets  (plan  2)  and  other  low  1  low  release  plans  (plans  5  and.  *>). 
Rather  than  use  1  lows  from  all  six  reservoirs  to  supplv  th.  i  u  i". ti¬ 
des  ir  ed  release,  only  Winnib iyoshish,  Leech,  and  I’oke.-.a -i.i  w,  ,  ,  -a.;. 
(These  three  lakes  have  the  most  stern, -e,  and  Poke. -ann  LaL.  i  •  i:t  ta.  a 
with  the  other  two.) 

The  results  were  much  the  same  as  in  sta  e  2,  -Mil',  tin  addon  :  I-.,  t  , 
at  Lons  attributable  to  low  I  low  supplements  wo  c  limited  t.-  A  i  in;  i i  • .  - 
shish  and  I’okeyama  Lakes.  (Max  imum  lower  levels  at  A  i  uni  hi  ••  dish  m  , 
!’oke;.',aiiia  Lakes  ol  5.7  and  3.7  feet  were  then  observed  in  I  *•  i  5  inn  1  '<  ■  . 
respectively.)  (Jenera  1 1  v,  Witutih  i.'.oshish  Lake  leva  Is  uoald  he  i).  1  loot 
to  2  loot:  lower  duritip,  years  when  low  i  low  releases  were  root  i  r  on  ,  mi,. 
I’okestama  Lake  levels  would  be  about  0.5  i-ot  Iowa  r  dm  in  tin  a  ,  .»  at  • 

This  would  iii'cur  in  about  5  ol  the  •«  /  -.ears  icier.;  with  tin  a. is' 
drawdown  levels  coniine.  durinc,  the  hi  id's  divu  Til  . 

In  any  event,  a  I  ,  600-c  I  s  release  plan  was  net  i  av w  a  ■ :  n  1 ,  d  :  .  ■  r 
adopt  ion  althou.th  it  appears  to  be  imp  I  emeu t a h I ,  with  '.ini'  al  id  at 
el  I  oc  t  s  . 

The  St.  Paul  District  considers  this  lake  rervulntion  appro.,,  h  e. 
an  emel.'.encv  measure  that  would  lequire  an  order  L\  the  Lev,  rn.u  el  ",  i  a 
nesoL.i  each  time  a  low  I  low  aupmenta  t  ion  release  was  made.  liter,  at, 
unresolved  problems  with  litis;  proposal  sin  h  as  the  apparent  opposit  ion 
to  ativ  low  I  low  release  plan  hv  the  l.eeeh  Lake  Indian-,  and  lake  propot  I  v 
owners.  Ihese  interest  s  are  n.eneral  lv  epposed  to  anv  low  l  low  release 
l  rom  the  headwaters  lakes  lor  anv  reason. 

Action  No.  2  -  Twin  Cities  Metro  Area  Water  tonserval  ion  !’ roccdui  cs 


minimum  water  requirements  as  mentioned  previously.  The  2,275  els  is 
an  alternative  requested  ior  evaluation  by  the  Environmental  Troleetion 
Agencv  and  the  Metropolitan  Waste  Control  Comm  i  ss  ion .  The  flow  eon.st  i- 
tutes  a  combined  water  supply  and  water  quality  alternative  lor  supplvin. 
year  2000  water  needs  as  identified  bv  t  lie  Level  ii  Study.  The  A, Mod¬ 
els  t  tow  was  requested  by  the  Metropolitan  Council  and  would  constitute 
a  year  2015  flow  requirement  to  offset  tertiary  treatment  needs  in  t he 
Twin  Cities  area.  (The  4,800-els  figure  at  Anoka  was  also  ideiuil  i  ed 
early  in  the  study  as  a  hydropower  plan  (plan  7).  Therefore,  plans  6 
and  7  results  are  considered  Lo  be  the  same.) 

STUDY  CONCLUSIONS 

Ihe  stage  3  analysis  showed  that  a  minimum  flow  ol  1,600  <  is  (plan 
2,  or  year  2016  estimated  minimum  metropolitan  area  water  suppl\  need') 
could  be  maintained  at  Anoka  without  exceeding  the  original  minimum 
operating,  1  im  i  l  s  for  I  ive  ol  the  six  headwaters  lakes  (Pokeg.ama  Lake' 
original  minimum  was  exceeded  by  0.  i  and  0.5  loot  in  10  ib  and  1034, 
respectively).  However,  three  ol  the  six  would  he  drawn  below  their 
present  lower  operating,  limits  during,  several  per  iods  in  the  ll,30's  to 
maintain  the  1  ,  t>00  els  at  Anoka  (K  inn  i  h  ig.osh  ish  in  1‘)  34,  1035,  I  o  >6,  and 
19  37  ;  Leech  in  10  34  and  10  36;  and  Tokegama  in  1034  and  I'1  36). 

I  lie  l,6()0-i-l  s  I  low  is  about  the  largest  that  could  hi  ".a  i  nl  i  in  ; 
at  Anoka.  A  somewhat  higher  Mow  o!  2,d.  >  els,  lor  examp  1  e  'plan  >), 
won  I  d  result  in  short  ages  at  Anoka  in  10  years,  or  >/  out  ol  >u  >  ".out  !i 
ol  record,  or  about  ,  percent  ol  tile  4/--.  ear  period  ol  teiord. 

The  District  recommends  that  neithei  plan  2  not  plat:  >  ho  ad-  <  p  I  ,  ■ . ; 
however,  plan  2  might  i>e  used  on  an  eii  el  etn  v  ha s  i  . .  1  lie  hi  Ii  i-  I  il 

i  ue  ommi  aid  s  that  the-  cities  ol  Si  .  Tan  1  and  M  i  tinea  pe  1  i develop  i  i  !  e  i  a.  1 1  i 

watei  siipplv  sources  and  eonserv.it  ion  to.  unique.,  t  o  il  would  r,o|  ou  1  >  :  i  ■  ■ 

vide  an  added  margin  ol  sal  el  v  dm  in  d  i  on  lit  but  woul.l  pi'te  t  t 

e  i  t  i  es  in  l  hi-  event  o  I  an  tint  oreseetl  wa  t  ei  ;u.  i  I  i  t  \  pii’lderi,  i  ii  >  -■  '  ' 

a  iiieiiie.il  spill  or  other  aet  ideiit. 


:>  ti  i 


Based  on  Lhe  stajte  1  studies,  it  is  recu";iT;ende<!  r  iia  t  the  present  ; 
ot  operation  (plan  1)  he  retained  as  the  ac-  opted  oper.it  in/  u  l..u  lot  t 
six  head  wat>.  rs  lakes.  In  addition,  it  is  recommended  that  a  variati.  a 
the  eonservj  t  ion  plan  (plan  9)  lor  W  innib  ip.osh  it'll  and  Leech  Lakes 
incorporated  in  the  recommended  plan.  These  features  are  not  in  n-  ,  1  it 
dill  ereul  1  rom  Lhe  present  plan  o!  operation,  but  are  snore]  v  a  ret  incmo 
o!  that  plan  and  are  within  the-  plan's  opera  t  inp  1  imits. 

Following  a  1  i  April  1982  meeting  with  l  •  i « -  Leech  Lake  Reservnt  ion 
ness  Committee,  it  was  decided  that  the  Corps  would  continue  to  operate 
the  low  side  ot  the  present  summer  operatin'.'  ranee  ot  l.a.,.',  t  ,  1  .  11  ,  .  < 
but  would  attempt  to  stabilize  Leech  I.akt  at  a  level  no  hi  .'.her  than  i  2-' 

SUMMARY 


1  ho  Mi.nneapol  is-St .  I'aul  metfopo  1  i  tan  area  is  laced  with  possibU 
water  deficiencies  durin..;  di  oun.lit  .  auditions  on  tile  Mi  ss  issi  pp  i  i:  i'a-r  . 
Lxtended  droii;, lit  conditions  similar  to  t  hose  ot  t  lie  i9.;'t'.,  ■  .(j  j.j 

espec.ial.lv  tla::i,ti:  in;;  to  M  i  uieapolis,  whici:  current  I  v  t.ike  i  fltf  ;>«  reus 
hi  its  water  from  the  Mississippi  Rivet.  M  .  i’a.i  i  ,  t  hr.  isi  it"  dt  vi-! 
men l  of  alternate  water  supple  sources  iron  out  •  a.  c  st ora  i.  aid  nsli  . 
is  not  as  vulnerable.  St.  Paul's  water  -ousel  ••  at  ion  plat:  pn-ar  r  i  In-  i 
possible  LO-pi  remit  redact  ion  in  water  dec.  i::c  .a  •  is.,  di  on  1 .  t  .  •!...  ;  t  t  : 
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PUBLIC  PARTICIPATION  AMD  COORDINATION 


GENERAL 

The  current  Mississippi  River  Headwaters  study  is  a  reinitiation 
of  a  study  that  was  originally  authorized  in  1945.  Limited  study  was 
done  at  least  once  in  each  decade  since  that  time,  with  varying  degrees 
of  public  involvement. 

Public  involvement  during  the  current  study  was  achieved  through 
public  meetings,  progress  reports,  letters,  and  telephone  contacts. 

The  principal  contact  group  for  the  Mississippi  Headwaters  geographic 
area  was  the  Mississippi  Headwaters  Association.  However,  other  groups 
such  as  the  Aitkin  Conservancy  District;  the  Leech  1-ake  Tribal  Business 
Committee;  the  Whitefish  Lake  Property  Owners  Association;  the  Black  Bear- 
Miller  Lake  Property  Owners;  and  varied  Federal,  State,  and  county 
interests  were  actively  involved  at  one  time  or  another. 

The  public  was  most  actively  involved  in  the  study  during  the  earlv 
phases  of  work.  Interest  in  the  study  waned  somewhat  once  the  stage  2 
study  report  was  completed  in  September  1979.  Discouraging  study  findings, 
a  lack  of  study  funding  in  FT'  1981,  and  lake  operating  plan  computer 
modeling  problems  all  contributed  to  decreased  interest  in  the  study  after 
1979. 


MISSISSIPPI  HEADWATERS  ASSOCIATION 

Hie  Mississippi  Headwaters  Association  was  the  principal  contact 
i:roup  for  this  study.  A  12— member  board  of  directors  represented  the 
interests  of  concerned  headwaters  area  residents.  The  12  directors  were 
from  representative  locations  within  the  Upper  Mississippi  River  basin, 
and  included  Aitkin,  Minnesota.  The  association  was  re-formed  in  !  '•  /(> 
to  provide  effective  two-way  communication  between  the  Corps  of  engineers 
and  t lie  public. 


K—  1 


As  the  study  progressed,  it  became  obvious  that  the  Mississippi 
headwaters  Association  shouJ d  be  assisted  by  other  contact  groups.  A 
periodic  progress  report  was  also  found  to  be  essential  to  provide  con¬ 
tact  with  the  public  from  such  a  large  geographies  1  area.  Many  telephone 
and  letter  contacts  were  made  with  groups  such  as  the  /Aitkin  Conservancy 
District,  the  Leech  Lake  Tribal  Business  Committee,  the  White  fish  Lake 
Property  Owners  Association,  the  Black  Bear-Miller  Lake  Owners  group, 
the  city  water  departments  o  f  Minneapolis  and  St..  Paul,  regional 
development  commissions,  the  Minnesota  department  of  Natural  Resources, 
and  others. 

The  Mississippi  Headwaters  Association  was  retained  as  the  titled 
contact  throughout  the  studv,  although  more  work  was  undoubtedly  con¬ 
ducted  with  the  several  other  groups  referred  Lo  above. 

STUDY  REPORTS 

Die  initial  report  prepared  for  the  study  was  a  "i.tn  .0'  studv  UV'-o 
or  stage  1  report  dated  January  1977.  This  report  was  foil. wee  :>v  a 
draft  preliminary  stage  1  report  in  February  197S.  A  sum  ir  1  t>  . 
report  and  appendixes  were  prepared  in  Sep;  ember  id'  * ,  in.  !  nd  in  . 
summarized  version  of  an  August  1979  contra-  r’  ••or*  ;  c 

The  contractor's  report  contained  the  eomi>ut--r  :r.  1  !e  i  i t;  '  :  ...  ; 

Mississippi  River  Headwaters  Lakes.  i'he  1  - ;  i"  report  ••  :  ;  :>«  : 

above  we  re  interspersed  witii  7  prop  reus  report  •.  w;,  i  .  w<  r.  •  i: 
app roc  i  ma t e  1  v  suO  people  and  aeene  ies  iiu-  re;-:  e  i  .  n  ;  a.  :  :  . 


f  tTie  study  .  -ports  were  provided  on  i  v  t  -  pric 


MEETINGS  WITH  STUDY  INTERESTS 


The  following  list  summarizes  the  coordination  and  public  involve¬ 
ment  meetings  held  during  this  study. 


_ Date _ Participan  ts _ 

2b  Aug  1976  Northern  States  Power 


30  Aug  19  76  Federal  agencies, 
consultant 


9  Sep  1976  Federal  and  State 
agencies 


20-22 

Sep  19  76 


Public,  consultant 


23  Sep  1976  Don  La  Garde,  ljeech 
Lake  Tribe 

23  Sep  1976  Mississippi  Head¬ 
waters  Association 


20  Oct  1976  Cass  County  residents. 
University  of  Minne¬ 
sota  Agriculture  and 
Extension  Service 


15  Dec  19  76  General  public, 

government  agencies 

12  Jan  1977  Aitkin  Conservancy 
Dis  t  ri ct  ,  SCS , 
Aitkin  County 


2  Feb  1977  Universitv  of  Minne¬ 
sota  Agric.  Research, 
Federal,  and  State 
a gene i es 

2)  Feb  1977  Dept  of  Transportation 


_ Topic _ I^ocat  ion 

Availability  of  St.  Paul 

Mississippi  River 
1 ow  f 1 ows 

Public  use  develop-  St.  Paul 

ment  and  resource 
management  of  the 
headwaters  lakes 


To  form  a  Federal-  St.  Paul 
State  steering 
committee  and  review 
draft  plan  of  .-,tudv 


Workshops  on  updating  Six  head  • 
the  headwaters  lakes  waters  lakes 
recreation  management  damsites 
p  1  ans 


Initial  contact  con-  Cass  Lake 

coming  study 

problems 

Review  draft  plan  of  Walker 
study;  association 
agreed  to  be  focal 
coordinal  ion  group 


Discuss  proposed  Walker 

s  t  udy 


Initial  public  meet¬ 
ing  for  st  udy 

P ine  Kuo  11  f 1 ood 
problem  and  hood- 
waters  study 

Comm?  re  i  a  1  w  i  1  d 
rice  developments 


Grand  Rapi 


Aitkin 


ran  d 


Great  River  Road-  t.  Paul 

headwaters  studv 


I—  I 


Da  te 


Participan  ts 


Fop  i  c 


Location 


23  Mar  1977 


1  Apr  1977 


6  Ap  r  L  9  7  7 


9  May  1977 
10  May  1977 
10  May  1977 


15  .Ion  1977 


1  S  J  un  1 g  7  7 


Minnesota  DN'R 

Basic  data  on  head¬ 
waters  area 

St.  Paul 

Minnesota  State 
Planning  Agency 

Potential  flams ites 

St.  Paul 

DNR-Fishe  ries 

Proposed  Leech  Lake 
fisiierv  st  udy 

St.  Paul 

DNR-Brainerd 

Black  Bear-Miller 
Lakes  flood  problem 

Black  Bear- 
Miller  Lakes 

City  of  Aitkin 

Ai  t  k  i  n  e  me  r  ge  n  c  v 
diking. 

Ai  tkin 

Re  g  i  on  a  l  De  ve 1 op- 
rnent  Commission 
(.Region  5) 

Land  satellite 

Lma  ge  ry 

Staples 

Mississippi  Head¬ 
waters  Assn 

Presentation  of 
p re  1 i minarv  study 
find  iugs 

Wa  !  ke  r 

White  fish  Lake 
Property  Owners 
Associat ion 

1  ,ake  obs  t  met  i  ons 
and  markinc. 

Cross  Lake 

25  Jun 

19  7  7 

Rabbit  Lake  Town¬ 
ship,  SCS 

SCS  f!  '0,1  cent  is 
p ropo  ia 1 

2H-  10 

Lake  residents 

hake  damage 

.  1  un 

19  77 

i n  te r v i ews 

1  I  .'ul 

1  97  7 

Fish  &  Wi 1 dl i fe 
Service,  and  Leech 
l^ike  Tribal 
rep  resent  at ives 

1'  1  an  of  ■  '  r.,;v 

Town  Mali  no 
Ki vo  rton 

Poke  gam  Dam 
S  t  .  !’.u:  1 


’>  ill 

1"  7  ' 

Coneral  public 

io  ill 

1  9  7  7 

Black  Bear-Miller 
Lake  residents 

1  Aug 

1  9  7  7 

Federal  and  State 
agenci  es 

9  Aug 

1  9  7  / 

1  'NT 

12  Sep 

;  9  '  ' 

Ai tkin  of t  i c i a  1  s 

1  7  Sep 

I  "7  7 

Ft ule  ra  1  ''owe  r 

Cornu, i  ms  ion 

1 1  as. -a  o'liity  Crand  Kapils 

flood  insurance 
public  meet. in r. 

Flood  pri  blems  Black  Hoar  !. 

Scope  iif  work  for  St.  1’aul 

Leech  Lake  nlioto 
i n te rp re  t  at  ion 
con t  raet 


Leech  Lake 

St  .  S  ai 

suiid  i  k  in  c 

Flood  eont  ro i  p Ian  - 

i  tkin 

e  me r  ceil .  v  dike 

M 1  ss  i  ss  i  pp  i  i;  i  ve  r 

1'  t  . 

pow,  r  bene  fits 

Da  to 


Participants 


Tonic 


hocat ion 


♦ 

Sep 

1977 

Re  p  ion  5  ,  Ro  g  i  o  n  a  l 
Development  Commission 

Land  satellite 
imagery 

St.  Paul 

9 

Jan 

19  78 

DMR-Fisfie  r  ies 

Direction  of 

Leech  bake 
l’isherv  studv 

St.  Paul 

27 

Jan 

1978 

Leech  Lake  tribal 
representatives 

Stutlv  propress, 
beech  Lake  sub- 
impoundments,  beech 
Lake  fisher'’  and 
photo  interpreta¬ 
tion  studies 

St.  Paul 

(> 

Mar 

1978 

Aitkin  Conservancy 
District,  County, 

SCS 

Feb  19  78  draft 
stage  2  report 
findings 

Ai  tk  in 

■»  ■) 

Mar 

19  78 

Leech  Lake  Tribal 
re  p  resent  a  t i ves 

February  1978  draft 
st ape  2  report 
f indinps 

St.  '.Oil 

> 

J  un 

19  78 

Rural  Aitkin  repre¬ 
sentatives,  citv  of 
Aitkin  (two  meetings) 

February  1978  studv 
findings 

Ait.  kin 

1  7 

Jun 

19  78 

White  fish  Lake 

Property  Owners 
Association 

February  19  78  draft 
stage  2  report 

Cross  Lak 

n: 

J  un 

19  78 

Mississ ippi  Headwaters 
Associat ion 

Fobruarv  1978  draft 
stap.e  2  report  and 
Wilil  >.  Scenic  River 
p reposa  l 

Wa Ike r 

i 

Sop 

19  78 

Rural  and  city  ol 

Aitkin  interests, 
conn t  y 

Studv  damages  analv- 
sis,  lake  operation, 
August -September  1  9  7; 
agricultural  flood 

Aitkin 

-A 

14 

Sop 

U78 

Leech  Lake  Reservation 
business  Committee 

Pro  1 i mi narv  st  udv 
results,  dredging 
permits,  beech  hake 
wetland  habitat  stud' 

(mss 

4 

Oct 

19  78 

Upper  Mississippi  River 
basin  Commission,  1)NK 

Head'.:,  it.-rs  s  L  in!  •’ 

St  .  t’.ui  1 

1  8 

Jan 

1  9  />) 

111’!),  DNK,  gene  ra  1 
pub  1 ic 

Flood  insurance 
and  headwater  studv 

pub  1 i o  meet  i ng 

Ai  t  k  i  n 

7 

No  r 

1  9/4 

Aitkin  Citizens  Com  - 
mi  t tee  ,  Aitkin  Con- 
se  rvancv  Dist  rift 

S' t  udv  progress, 
e f  fort s ,  t  ind i nos 

\  i  t  kin 

1  ; 

J  un 

19/9 

Crow  Winp,  Conn  tv. 

black  hcur-M i 1  lor 

i'r*  sl»v 

Wolford  and  I  rondo  lc  l.nko  pro  loot 
T<  'wns  li  i  |>s  ,  pone  ra  I 
pub  1  i  o 


l-l-j 


Dat  a 


Part  icipants 


I  an  1 , 


I.OiMt  i  (  Ml 


*'-10  Oct 

1  980 


Id  Oct  1  ‘>80 


LJ  Nov  1 980 


Minnesota  Chippewa 
I  f  i  lie.  Federal 
a gene  ios 

Minnesota  Chippewa 
tribal 

rep  reseu t  a  t i  ves 

Indian  representa¬ 
tives,  Minnesota 
DNK 


Chippewa  iri.be  Husi—  Orand  Port  act 
ness  Development 
Con  fe re nee 

Future  coord i nat i on  Minneapolis 

with  Leech  Lake  i ribe 

Wild  rice  studies  St.  I'  nil 


Id  IW  1980 


29  Jan  1981 


la  dun  1981 


Leech  Lake  Reserva¬ 
tion  Planning 
Staff,  DNK,  and 
Ricing  Committee 

leech  Lake  Tribal 
ALLornev 

University  of 
Minnesota  Agro¬ 
nomies  Dept, 

Leech  Lake  Hieing 
Commi t  tee 


Wild  rice  studies 

Headwaters  study 
TV  talk  show 

Wild  riee  studies 


Cass  Lake 


lie  mi  d  j  i 


Cass  Luke 


S  Jul  1981  Leech  Lake  tribal 
rep re sent a t i ve  & 

.19  Oct  1981  ,>r’P,  ;; t .  Louis 

District,  St.  Paul 
District,  Minnesota 
DNK,  Lei' eh  Lake 


"Conservation  plan" 

S  t . 

Haul 

for  wild  rice 

Downs  t  re  am  f  1  ow 

St . 

Paul 

1  imit  at  i  oils 

Tribe 


LETTERS 

The  next  section  contains  pertinent  letters  from  agencies  and 
o tilers  involved  in  the  study.  The  comments  contained  in  the  earlier 
letters  general lv  respond  to  the  September  1979  stage  J  summary  report 
prepared  bv  this  oil  ice.  These  comments  were  incorporated  or  acknow  1  edge*, 
in  the  present  study  report  to  every  possible  extent.  More  recent  letfc'c 
respond  to  the  drat t  of  the  final  feasibility  report.  Where  appropriate, 
the  recent  letters  ef  comment  are  followed  bv  Corps  responses. 

No  letter  of  comment  on  the  September  19/9  report  or  the  August  PL'S.! 
report  was  received  from  the  Mississippi  Headwaters  Assoc i at i on .  We  be¬ 
lieve  the  Headwaters  Association  favors  the  "status  i|uo"  with  respect  to 
headwaters  lakes  operation  or  a  plan  which  would  minimi. re 
of  business  damages. 


I i ood  and  I 


!  -A  DSr'ARTMcN  J  UP  NATURAL  RESOURCP3 

4  V  J  ~i 

CCNTlfJNIAt  OF  HCE  HllllPINC.  •  ST  .7. 1  r  t>  i.  SO  5  A  •  5  .*»  • 


'!.ir;h  T;V 


Co  1  one  1  Porn  :>t  T.  Hay,  III 
U.S.  Ait:}'  i  n^intvr,  Si.  Paul  last  riel 
H3S  U.S.  I'.-:-!  0t‘ Ij.ee  s  Cut  ten  House 
St.  Paul,  SSI 01 

Hear  Colo;. el  Cay: 

uitur  Mississirpr  1  ;i;,\'nv  vmis  lakhs  si  urn 

Vtuir  letter  of  .1  ;ruarv  PS,  19 "7  re  ss-  i  .  >  ( ■ ; >•  : 


sp .  c  j :.  1  v'  r.r  iiH.-r’r  urn  to  ,..e  p  op-'.-, 

Per  the  K par? vent's  overall  purne.- 
!!r:u'i.  :  ■  r  ■  i  :t.r  : ; . .  ■  hr  ..a.  ;  rfi :  :  >.r  T 
va r  i  O’..:;  i  a.'  1  a  are  1 .  to;  <-•:<  i  • 

it'  :  apron  rn.;  i  r;  operation  of 
for  r.::t  u:.l  nem  fit.  Ci nr  "a i 1 y ,  ■ :  ; 
k.L1  ill  5  or  t'luo.i  coat  r;  1  are  i 


■  i.  r.t  rr  rat  u’ 


:t  - 


r  ••••  -e  ■;  • 


.y  T  o.c  Hays  HirP  !....'  ' !  ny  Hu.. 


past  .  1  o.;;,  i  a  '  e.  i  ■  r;  o .  t  hr  o  •: . 

prohl c .  1  r.  oar  it:.’.,',  ■  : . t. .  tin  1  i  ’  .  » 

a: id  wildlife  iYor.i  the  do  ;  ooild  ot: 
benefit  •  ti  wi  Id  tire  by  r  evnaid-  r 
be  prudent  :.oo  to  r  -study  ti  e  it:\  i  .  ' 

he  in  f  o.v»>>-  e.~  dec  i  a  r  i  a  '■  ti.  .t  port  C  r  o 

the  PiuYrai  of  Outdoor  e  re;;:  i  on  ' :  iv  i  1 


I  trurt  this  infer;:  ;t  t  on  ‘.ill  assist  the  Corj  c:  1':-.;  i ; 
]HJr:  u  i  n  j’  this  :  ;  u  1;  . 

You  r  •  r\  4  ■  u  i  p  , 
m vi ; a  d.-Yi 


}j  M — -jj 


|  Dccoral  aviation  Buildir.-; 
6301  34th  Avenue  South 
Minneapolis,  KH  56450 


November  30,  1979  531.1 


Col.  William  W.  Badger 

Department  of  the  Army 

St.  Paul  District,  Corps  of  Engineers 

1135  U.S.  Post  Office  &  Custom  House 

St.  Paul,  m  55101  1 

Dear  Col.  Badger: 

Vfe  have  reviewed  those  portions  of  the  Mississippi  River  Headwater 
Ls3:es  Study  -  Septerri>..-r  1979  that  might  require  oomrcr.t  fro.'.1,  this 
Office,  and  found  them  to  be  satisfactory  as  nr  stats:'. 


Sincerely , 


c '  - 

S'  „ 

John  V.  Graff 
Meteorologist  in  Charge 


K-9 


Bemidji  State  University  bemidji,  Minnesota  56601 


Z'-IU  1*'.; 


:  new  I 


in 


thr  ocrtf.yr.t.t^i  i ..  x\ *;  y )  y  vn . :  •  wv:i  ‘  «/ 

charifes  in  vn*  or-i»-vo’.  .  w  h-,v  •:n.:y  ;■  .t.-? 
cannot  ft  -  ni  ;•  .  .-vljn:-.;  •:,*  -•*»  .  . 

larec*  part  f  M  o  •,-.r  t.i .  •-  r.  :•••  fa::.  i 

and  rapt'-r:  iL  :-r  i.:,  Vn  y  nhr-i; .  .1  i  <•  c  i--r^i  j  :i  <p  •  ;  i  ;• 
of  the  various  projvnod  aitermutlver . 


,  1.-10 

BIOLOGY  CENTER  FOR  f  NVIRONVirNTAL  STUDIES  CHEWISTRV  COMPOTE  *1  SCI!  NCf  GFOt  or,>  MAlHiVA'i'1,  PHVMCr 

► 


P 


f 


Mr.  Carl  Stephan 
Pape  2 

December  3>  1979 


f.v 


2.  Paper.  13-15-  The  discuss:  -  f  p 

recogniti  on  that  water  -mai  .  * y  i:.  ";;--r  V.  r .  1  -•  rip-, 

cantly  'affected  Ly  the  soils  wnh'h  -i  r-  i?~i  i  ;/  "he-  riv-r. 

highly  di  ccoi-'rod  water  enters  -  syr '  <::r.  in  •■••rani  •--« :  : 
area  ( See  p.  1-1V-5  f  the  a:  v-—  •;•••!  r-  :  r-  .  r  fr 

Inti'.:.  wa '  •  r  ’  v-  i  r  . :  '  ■  r-  .  :  .  r  . 

ilia  a  . 


3. 


V»,  •• 


4. 


t  age  5 r . 


'  t'*rvl  *’  *  'i  1  C  .it  ?’!!i  '  %*  **!’  .  \i 

should  be  came  reerg:. 1  tir:.  t  hat  ’ r  :  r  rh  rr  • 
localized,  ant  tiia-  cam-  lor  f  'ale  V.::  r.-.ir  ig.  rhi  r 
no  fecal  c.-llfora  ornar.:  sns  i 

...  ! 


butirn  typical  :*  call 
sewage  treatment  syste 
The  pr;  !•  1  cm  r  f  w:r  er  1 
much  larger  : r.  carer  v; 
increased  water  level. 


vol  rr.a 
.••re  so 


...  , 


-  f 


t> *2 r . k  c i r s : : i i  t • "  dr  arc  : ' * 


UmiN  d  ‘jt.itoi 
tip;  rm'iit  of 
Aer  iLUltuic 


So.! 

C  on'.oi  vjt  .on 
Servir.p 


3 1 0  Not  l*i  Row!  5*.,  Room  20C 

V .  K>‘ : ! ,  '/nine  , ' /> 


December  6,  1979 


Colonel  William  W.  Badger,  District  Engineer 
St.  Paul  District,  Corps  of  Engineers 
1135  U.S.  Post  Office  &  Custom  House 
St.  Paul,  m  55101 


Dear  Colonel  Badger  : 

Thank  you  for  the  opportunity  to  review  your  September  1979, 
Stage  2  Study  Report  on  the  Mississippi  River  Headwaters 
Lakes  Study  and  the  Auxiliary  Report  prepared  by  the 
St.  Anthony  Falls  Hydraulic  Laboratory.  We  have  no  comments 
on  either  of  the  two  reports. 


Sincerely , 


R  a  Ml 
’■'K/ljO^ 


•:ro  Si|u:u  .•  Huildni)',  7i  li  Su.i'l  ..ml  I  i  ■>:■•■  1 1  ^  t  i .  .  •  f  .  ^..uni  I’. ml,  V.  ini,<  sut;i  55101  A  i  .  G  1C,  L>:  i  i  ■  i '.  i.  < 

lit*  •;;!>(  r  ](),  ’97 5 


Colonel  William  U.  bedyer 
Corps  of  Hnginoers 

1133  11.  S.  Post  Office  0  Customs  I'ouse 
St.  Paul,  1111  55101 

Re:  Mississippi  Headwaters  lakes  Study,  Stare  2 


Dear  Colonel  badper: 


v'-".k  you  for  the  opportunity  to  review  the  Sta; 
product.  The  St  a  ye  2  report  has  been  rev: 
.he  followinr.  cortments  arc  offered. 


2  lieadwa  t  ers  Lake: 


Fortner  Chairman  Boland  Mentioned  in  his  letter  of  Hay  23,  1 97S ,  wo 
feel  that,  releases  from  the  headwater.';  lakes  to  aup.tti  a  flew  for 
wastewater  ass  inti  1  at  ion  arc  usually  as  important  as  r  'leaser  kr 
dri.nki.np,  water  auqm.ont  at  i  on  .  It  was  p./a!  i  f  vine  to  see  teat  i  h. 

Stnye  3  study  will  look  at  six  to  nine  different  low  flow  auq;  vn'  at  i 
schemes.  T  would  like  to  supy.es  t  that  the  flow  ran  ye  from.  ]  oO'j  • 
cf.s  be  reviewed  as  that  ranpe  taxi  m  i  n<;  benefits  *  o  the  Me-  ro  ;•>•>!  :  t 
Area.  Tb.is  raiyy  would  thusly  contain  the  2275  cfr.  r.at  eri.al  hv  tin 
MWCC  i  ;t  the  i  r  letter  of  May,  1978.  When  costs  assoc  t  a  t  od  with  vuve 
ass  i  r.t  1  at  i  on  h«  nof  i  t.s  are  quantified,  T  am  certain  ih"t  tlte  a  ’  c . 
favo’-abio  cost  benefit  rol  utionship  of  the  low  flow  scheme  wi  1  1  i  nor 
preatlv.  because  of  your  committment  to  look,  at  further  lev;-  die: 

1  eases ,  1  will,  not  point  out  further  the  rr.nnv  instance:'  in  t  hi  ft  .:•••. 
report  where  wastewater  assimilation,  benefits  could  have  fiver  add  i  : 
favorable  rev  5  ew  to  the  low- flow  alternative .  I  trust  that  the  Star, 
work  will  adequately  quantify  these  benefits. 

The  water  supply  augmentation  question  is  also  of  major  import  nnee  t 
this  Metropolitan  Area  because  our  two  largest  cities  and  several  of 
the  surroundi  r.  q  suburbs  served  by  them  are  dependent  or.  MissMsipp: 
River  water.  The  critical  supply  is  that  of  Minnea.pt>  1  is  because  it 
very  little  in-line  storape  and  no  supplemental  proundwn t .cr  .men]  v  . 
serious  tirouph:  or  accidental  mill  that  would  force  Minneapolis  to 
.  its  intake  valve  would  mean  that  the  city  could  last,  for  only 
2,  .ours  (nixiwnnj  In  ;  ere  i'c;d.oi  ini;  supplies.  St.  Paul  is  fort  \.n.:  t  < 
in  a  bettor  situation  because  of  its  lake  slorarc  system  and  a  set  « 
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COUNCIL  FOP  MINNESOTA  ARCHAEOLOGY 

O.-YJ CH  TH”  . .  'i  .  -a.i!  '.LtC-jL'T 

Si.  i'Aon,  . . LjY.  5 ‘  1 ' X . 


Lecenuor  12,  157', 


i:r.  Carl  Stephan 

Mat:;  ger,  '"icsifp.  River  dead-water  Lakes  Study 
St.  Paul  District,  Corn:'  of  Png:  neo-rs 
1135  u.  S.  Po.  <  Office  c.r.d  Custom  House 
St.  P..ui,  Minnesota  55101 


Dear  Mr.  Stephan: 

Th  s  letter  regards  the  Stage  2  su -unary  report  of  the 
Mississippi  River  Headwaters  Study  of  Sopteru  er  1  /.  y . 

He  appreciate  the  op sort unity  to  content  cn  this  Et-ny . 

We  have  also  recieved  and  reviewed  "Cultural  Ron^urccs 
Investigation  of  the  Hcrervior  Shorelines:  lull  Lake, 
Leech  Lake,  Pine  River,  and  Lake  Pokcga:".:-." ,  a  shoreline 
survey  cf  th  major  lakes  with  which  one  Study  is 
concerned. 

I  concur  with  the  sta- <  rr.ents  on  t  age  32  of  the  Study 
that  state  "Twelve  ancillary  laixs  which  nr.  part  of  the 
reservicr  systems  at  Cull  and  Pin.  Liver  Lakes  still 
require  survey’s1  .  .he  p  feutual  s.  an-u^e  .irues  in  r ogarc: 
to  c  .itural  resources  is  \  ery  hi.;:;,  :  ;r:  they  will  be 
directly  effected  b_  e.y  :  lan  for  maintenance  of  the 
H; ;  ad  w  a  t.  e  r  s:  Lakes. 
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FEDERAL  ENERGY  REGULATORY  COMMISSION 

CHICAGO  REGIONAL  OF'MCL 
230  SOUTH  OE.ARHORN  STRLLT.  F<OOM  31*0 
CHICAGO.  ILLINOIS  60604 


In  rep  1 y  ret cr  to 

Your  Re  i  •  re’ir  «.  : 
Our  Ref .  i\  :  o 

Pec  cm bo r  1-S,  !  *i  79 


Co  1 .  Willi  ar.  W .  Ran  ;;o  r 

be  pa  rtnont  of  the  Army 

St.  Paul  District  Corps  of  Engineers 

1  J  3  Y  I  .S.  Post  01  t  ice  and  Cu:  t.),.i  iIoiim.* 

St.  Paul,  Minnesota  Sr>in] 

Do  a  r  Co  Ion  el  Bad  >;e  r  : 

As  requested  in  your  November  13,  197vj  letter,  w  reviewed  the 
1979  report  titled  "Mississippi  River  Mendv.'i;  hakes  ste  /  - 
Sar.n^iry  Report**  covering,  studies  on  cl*-  r...:i\e  d  i",;  ;•  a:, 

s  i  x  h  e  «•*  d  wa  ter  1  i  ke  s . 

Our  priirary  area  of  respons  iM  1  i  t  y  in  Lie-  reroute*  -  f  i  e  i 

to  licensing  hydroelectric  developments  and  •  -a  f .  p,u.j  »•■! ;  up  1  *.!:o 
power  resources.  Since  reservoir  p.»  -i.e  ra  t  i  a  pin:  :■  Ll.it  v.-e'd 
power  production  have  not  as  yet  been  studied,  ve  havi  r.o  i 
of fe r. 

Hovvvcr,  we  note  that  reservoir  opeftl  in,,  plan-  that  would,  opt 
power  production  may  be  studied  er  |-rl  <»t  the  ili.iM-  l  r  ; 

We  st ronp.ly  urp,o.  that  such  studies  be  un.ie.f  he  .  ’.•  ,  .!•;•  « 
regulation  provided  by  the  six  lie. idw.it*  r  resi-tvoi:  e«  ull  i  o .  i 
power  output  oi  1>  hydrupawi  r  plants  an  l  ho  M i  s..  '  s*.  •  y  Mv 
of  these  reservoirs  to  powc  r  production  i.>  mi..,  ,.n  <  J  by  .»  **■  «  i 
hoadwa  t  rr  benefit:;  study  whiee  t  »ie  ■  •I’xi  •. i  r.o  s'.j*’:  ; 

Lr.pei*  I’ii  fu*.  i  sj  ippi  ia-i.t  i  v*>  i  r  -  i  -  d.-!  .,ii:-*  t  ci.  .*•  • 

benefits  duriu0  the  period  19?Y  -  l9(/>.  Tin  *,:■  ip.  : 

‘•fives  a*-  a  soiree  «»f  cool  in.;  water  i->r  .».  w  a  ■  '<  '  i- ■  1  .  , 

tb  I  .Milt  '  e‘  1  lie  It  i  lilieSat  .  Id  VI.  Til.  •  p  *  . '  ’ :  t  .  .ill  i  i .  t 
stalled  capacity  of  about  Sjhd’l  nu’piu,.tis  1/  1‘h'S.  A 1 1  it  -m  b  -• 
coolinj;  u.d  er  for  these  plants  Is  not  a  pi'uble  i  •  i  , 
di’prndnMi  supply  is.  necessary.  T)ie  jopnc?.  o,,  tetu;e  d < -  /r  tj« 
water  ?  I',;.!  if.  sheild,  therefore,  al  ...  \  <•  eons  id,  i.  !  in  cevi  ! 
j  r* » plan*  t.  ,r  t  ,  »•  id*uUt  lake;.. 


I  >  1  b 


Although  we  recognize  the  need  to  limit  Liu  .so  ,  oi  Li 
effectively  deal  with  the  numerous  interests  involved, 
enphasis  on  conserving  the  nation’s  fuel  and  energy  r<o 
seem  to  dictate  that  cons ide rat i an  be  given  lo  ope  r  i  ?  i: 
would  increase  the  power  production  of  downstream  livJn 
enhance  the  possibility  of  developing  hydrogowr  :»t  th. 
reservoirs.  The  extent  to  which  hydropower  generation 
or  decreased  by  the  alternative  operating  plans  should 
fled. 

Thant;  you  lor  ihe  opportunity  to  o>  i/u-i.:  on  !'  :t. 


Sincerely  , 


Lawrence  !  .  1  ■  •  :  . 
Pogion.il  l  -igia.-.r 
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l'nj'u-,1  St  at  i“-  !  i-.-p:irtnu‘iit  i.fthi  liilenor 
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\  ISU  AM>  Ml  !>I  li  ;  SI  KVH  : 

7  ‘  \  I !  i  C  \  1  i '  S  A !  U  A  Uf  ■  1C  i 
l»H0  let'ua;  iP.ntrjnn  and  CSS  C;>uit  Mous 
3*ib  S  :*.  A  I  Io!j  ■  l  StlL  t 
St.  Paul,  Minnesota  551C1 
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U  .  S  .  Arny  fo:  ps  of  ri:(>  imors 
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MICROCOPY  RLSOLU1  ION  USI  CHARI 
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Cpnrnon  loon 

Red- tailed  Hawk 

Marbled  Godwtt 

l  d  Grebe 

Red-shouldered  I'-wt- 

Ht.duonian  God. tit 

Horned  Grebe 

Broad-winged  Hawk 

Ruff 

Eared  Grebe 

Swainson's  Hawk 

Sanderling 

Western  Grebe 

Rouah-  ler.',f-d  i.v.rk 

Ao-ancan  Avacet 

P1c-d-t  vl’ie  (.Gr-'l’C _ 

_ 

Golden  Lactic 

Red  i  ha  lamp*. 

l.in  to  i  o  uccin _ 

_ _ _ 

Eald  Eagle 

Wilson's  Phalarope 

Dnt/Mo- crc $te;i  Cormorant 

Marsh  Hawk 

Northern  PMl’rnpo 

ui^ut  ;>  i  uc 

Osprey 

Parasitic  Jaeger 

Green  Heron 

Prairie  Falcon 

Glaucous  Gull 

Little  Eloe  Heron 

Peregrine  Falcon 

Iceland  Gul  1 

Cattle  Egret 

Merlin 

Great  Black-hacked  Gull 

Great  Egret 

American  Kestrel 

Herrinn  Gull 

Snowy  Egret 

Spruce  Grouse 

Ring-billed  Gull 

filact- crowned  Night 
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Ruffed  Grcsro 

Thayer's  Cu1! 

Ye  How- crowned  Night 

.  Heron 

Greater  Prairie  Chicken 

laughing  Gull 

Least  Bittern 

Sharp-tailed  Grouse 

Franklin's  Gull 
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—  _ 

Bobwh i te 

Bonao-Ti-tf.* s  Cull 
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Northern  Shoveler 
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lief  f  lehruo' 
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Oldr.c,  uav; 

P.ed  Knot 

Yel  low-shu  frd  F  i  icier- 

i'li  1 1  o - v; i  n god  Setter 

Pet Loral  Sandpiper 

Rcd-sheit-d  flicker 

Surf  Scoter 

Sharp-  *  si  led  Sandpiper 

t  e-.-Oft  flicker 

Black  Scoter 

Whit-.-t  u  ■  i  ta;-.ii;.iper 

P  i  leatr-d  W-tedperJ  rr 

Ruddy  Buck 

Baird's  Sr.,  vD'j1 

Red-bet  1  tec  Roots, >c-ci;fr 

Hooded  Mcicjcnscr 

least  Sandsipor 

Red-headed  Woeigecku 

C im.-ieri  rgccnr 

Dut'liu 

Yel  low-bell  ii.  j  Sops...  ivr 

I  •.■<>- tirem  ted  i-.gr o«n: 

..V" _ 

Short-billed  Bowitr.hc.r 

Hairy  Woeor,ecker 

l  ev!  r y  Suit  oi :: 

Lonn-bii  led  ;  .  -..ifehor 

Bcvny  Woodpecker 
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Eastern  Phoebe 

>el low-bellied  Flycatcher 

Acadian  Flycatcher  Y 

Willow  Flycatcher 

Alder  Flycatcher 

Least  Flycatcher 

Eastern  Wood  Pewee 

''live-sided  Flycatcher 

Vermilion  Flycat£her_(«cidentall 

Horne  d_Lark^ _ 

Tree  Swallow 
Bank  Swallow 
Rough- winged  Swallow 
Barn  Swallow 
Cliff  Shallow 

£^u jrp 1  jx _ 

Gray  Jay 
plu-  Jay 

Black-billed  Magpie 
Comnon  Raven 

Conrion_Crow _ 

Clack-capped  Chickadee 
C'rolinn  Chickadee 
['-real  Chickadee 

Tufted  T  i  trip  use _ _ 

Li  Tit  e-breastcd  nuthatch 
Red-broasted_Ni[tha£ch  _ 

]irown  Crecp_c_r _ 

House  Wren 


Winter  Wren  < 

Bewick's  Wren  i 

Carolina  Wren 

Long-billed  Marsh  Urer.  0 

SJiprt- bf  J 1  e  d_Mars_h_W' re£ _  f; 

Mockingbird  "  l 

Gray  Catbird  i 

Brown  Thrasher _  f 

American  Robin  ; 

Weed  Thrush  l 

Hermit  Thrush  V 

Swainson's  Thrush  p. 

Gray- cheeked  Thrush 

Veery  p 

Eastern  Bluebird  r 


1  cwrs^e  p  d^s_S  ol  i.t  a_i  r  c-_(^C£i  dc  n  t  a.1  j 
Clue-gray  Gnatcatcher 
folder- crowned  Kinglet 

P',/v-crowopd_Kin£l£t_ _  _ 

Water.  P.ijiit  _ ’  ~  __  _ 

Bohemian  Waxwfng 

f'dar  Waxw1n<L _ 

Nortnorn  Shrike  C 

Loggerhead  Shrike _ _ 

Starlir.O  ~  Fh 


_ <1 

Brewor's  Blackbird 
Common  Grackle 

V  i  reo  .Brown- hea_ded_Cowbi  rd_ 

c-'rlet  T.inVcvr 
Su:  ~er_TanHOer _ 

Ctiidinal 

_  Rose-breasted  Grosbeak 

L>  i  Utf  bf 

Indigo  Bunting 
Dickcissel 
Cloning  Grosbeak 
Purple  Finch 
pine  Grosbeak 
Hoary  Redooll 
Common  Redpoll 
Pine  Siskin 
American  Goldfinch 

• » v.  s-  yy  >  k  u'ati  i  I  i 

'iii to-'.. i f . y : d  Crossbill 
bier  Rufous-sided  Towhec 
Lark  Bunting 
" favan r.*.k  Spanvw 

Gi  .•  /.  h  jt  ,H.-i  Sparrow 
Le  Conte's  Sparrow 
Kenslov's  Sp- rrer? 

'  irp-t  i  i  (■  ^  Son  raw 
Vesper  Sparrow 
Lark  Sparrow 
Siate-cclnrcd  Junco 
Oregon  Junce 
Dark-eyed  Jui.co 
Tree  Sparrow 
Chipping  Sparrow 
Clay-coiorocJ  Sparrow 
Field  Sparrow 
Harris'  Sparrow 
Whi te-crowned  Sparrow 
White-throated  S|w  .  row 
fox  Sparrow 
Lincoln's  Sparrow 
Swamp  Sparrow 
Song  Sparrow 
Lapland  Longspun 

_  Chestnut-collared 

Lonrtj’ttr 

_  Sr.ow  Bunting 
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USTFP  SrF-ClES 


V - ;h 


HiMt.it 


PM  f  r  that  1  rn 


v.  -  bcltra  .1 

Forested  Clearwater,  Cook,  Koochiching 

Areas  Lake,  Lake  of  the  Woods, 

Eyr,  St.  Louis  Ccur" les 
Peripheral  r.-i'gc  -  Aitkin 
Carlton,  Cass,  Hubbard, 
Itasca,  Kittson,  Mahnomen, 
Marshall,  iennington.  Line 
Counties 

!’, :  r  d  s 


r  -  - .  •  i  »  .  i  rhv  i 

Cauls  lupus 


P<  tccrlne  Falcon  (E)  Breeding 

Falco  pt-re grlr.us 


■  :  :  w.if.lc  (T)  breeding 

'■..It*  pejus  1  nu  oc ephnlus 


Win  tot  in/. 


Chisago,  Cook,  I'aknt;. , 
Goodhue,  1'iauston,  Lake, 
Pine,  St.  Louis,  Wabasha, 
W-.Bhingtou,  Winon.i  Counties 

Aitkin,  i-cckcr.  Eelirccii, 

Ca  ;.,  Chisago,  Clesrvrtfr, 
Co  >k ,  Crew  Wing,  Ijobbnr!, 
Itasca,  Lake,  hake  cf  the 
VA'ces,  Roseau ,  St.  Louis 
Co  ot  i  e  - 

biota,  Goodhue,  lion., ton. 
Sherborne,  Wnhasha, 
W.ifhiiij'lon,  Winona  Counties 


Mu  >•  ;  el  s 

biggin's  Lye  Pearly  Mussel  (E)  Rivers  Lover  !;  I  •  •  i  -.a  i  j.j.  1 ,  St.  Cm  jv 

1  anp«-llis  hi  f  g  ins  1  and  M‘  i.nool  a  !;uv:s 


a  Peregrine  Falctn  hie.-dlnc  rrens  ere  tal<;.  ft  b'stoi  ■  *>1  n-o  i  Is  eru. 

«te  to  be  considered  ;  'tentlcl  b;<cdin<  ate.''  en  1  v .  "hi  to  ar.  no  activi 
breeding  sites  U  the  State. 
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Minnesota  Pollution  Control  Agency 

January  7,  1930 


Wil 1 iam  W.  Badger 
Colonel,  Corps  of  Engineers 
St.  Paul  District 

1135  U.S.  Post  Office  and  Custom  House 
St.  Paul,  Minnesota  55101 

Dear  Colonel  Cadger: 

Thank  you  for  the  opportunity  to  review  and  consent  on  the  Stage  2  Study 
Report  of  the  Mississippi  River  Headwaters  Lakes  Study.  We  havr  only  a 
few,  brief  technical  comments  on  the  water  quality  description. 

P.  54  -  Mg/1  is  ar,  tr.corrt.ct  unit  with  reference  to  plate  counts.  Platc- 
coun.s  ait.  c'- pi  .:s:.i-t!  as  i.u.oors  of  <'i«bi<  eroan'oii ;  per  unit  volume. 
Standard..  i  .•>•  !•'.  tx* * •  as  Most  Pro  Pablo  I.umbet  (MH<)  per  ur.it  volar*. 
The  Minnesota  Water  Quality  Standard  for  recreat  :on.-.l  activities,  includ¬ 
ing  total  body  immersion  is  "feral  colifor.’i  o-ganisr.:; :  200  MPN/100  ml." 

(WPC  14,  35:  2A,?H,2C).  he  local  ct  lifoim  standard  for  waters  classi¬ 

fied  suitable  for  domestic  vm'.umpt  ion  (WPC  14,  15:  13)  is  10  MP.\'/30t  ml. 

TADLE  p.  55  -  Two  lakes  have  been  classified  in  WPC  25,  lake  Winnibig'.'shis! 
must  meet  23,  3B  standards  of  W:’C  15.  Lake  "olega.na  must  meet  2A,  3D  stand¬ 
ards  of  WPC  15.  The  other  lakes  would  meet  ?U,  i-Y.  36,  3c,  In,  fR.  3  and  C 
stanflardj  as  listed  in  WPC  14.  The  dissolved  oxygen  standard  is  r.isloadit.'jl 
represented  in  the  ,hart: 

WPC  15:  2A  standard  is  7  ma/l  minimun  from  October  1  to  May  31.  6  mg/1 

mini  ilium  ull  c  tiier  timer,. 

WPC  34,  15:  2D  standard  is  6  rag/ 1  minimal;  f-or:  April  1  to  Mcy  31  end  3 
irg/1  minimum  all  other  times. 

The  cn* emi uia  slandai d  far  W°C  1<*.,  /p  is  50  ig/1  .  not  5.0  rg/i.  There  't 
no  color  standard  for  W.  C  34,  2ii  watcis. 

P.  61  -  Tne  LA.i’SAT  •••up  as  presented  is  rot  aligned  or.  a  W-S  Cxi.:.  forth 
is  presently  the  left  hand  margin.  It  would  also  seem  that  a  cole, -code 
legend  is  of  limited  use  for  a  black  and  white  picture. 
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Colonel  William  W.  Badger 
Page  2 

January  7,  1930 


P.  109  -  With  respect  to  a  minimum  guaranteed  low  flow  in  order  to  "decrease 
the  required  level  of  sewage  treatment  in  the  Twin  Cities’  section  (c)(7) 
of  WPC  15  states"  allowance  shall  not  be  made  in  the  design  of  treatment 
works  for  low  stream  flow  augmentation  unless  such  flow  augmentation  of 
ir.'inimum  flow  is  dependable  and  control  leu  under  applicable  laws  or  regulation 

If  ycu  require  any  further  assistance,  please  contact  me  or  Virginia  Reiner 
of  my  staff. 


Surface  and  Groundwaters  Section 
Division  of  Water  Quality 


"'IN  I  1  '•'v 


300  Mu  ro  r‘>  jiiutv  7*1:  :3  i  .  .*’:J  ji  .•Lm  -  L  Mi  h'.iiut  }’  ml,  M  r>.r'101  ArcaClE,  201-0'* 


January  8,  i960 


Mr.  Louis  V, .  Kowalski,  Chief 

Planning  Board 

U.S.  Army  Corp  of  Engineers 

1135  II. 5.  Port  Office  and  Custom.  1'ouse 

St.  Paul,  Minnesota  55101 

Dear  ? hr .  Kowa  1  s it i  : 

Thank  you  for  ”our  interest  in  soliciting  our  comments  relative 
to  the  stage  three  nor  :  ion  of  the  Mississippi  'liver  Hc-Cwatcrs 
Lakes  Study.  It  is  indeed  gratifying  to  see  that  our  concerns 
are  being,  acknowledged  and  that  attempts  arc  being  made  to 
address  those  concerns. 

My  letter  of  December  19,  1979  outlined  v.'hy  ve  believe  valor 
surr.J.n  benefits  should  be  quantified  at  a  far  higher  rate  than 
anoeared  in  the  stage  two  document..  In  sunnarv,  a  benefit 
based  on  $0.60  per  iOOO  gallons  does  not  begin  to  renr-jrer.f 
the  costs  that  vould  he  incurred  bv  the  cities  of  Minneapolis 
and  St.  Paul  during  a  supplv  curtailment.  Potential  costs 
incurred  by  Minneapolis  ceuJu  include  emergency  connections 
with  adjoining  groundwater-supplied  communities  (such  cross- 
connections  currently  do  not  exist),  instigation  of  an  emergency 
use  program,  possible  coimcc'ion  lo  f>t .  Paul  for  reservoir  take 
water  use,  and  all  of  the  engineer ’ng ,  distribution  and  nlannine 
activities  that  vould  have  to  acc.i.ronny  such  actions.  fit.  Paul 
is  slight  I."  more  fortm.ato  in  that  thov  have  reservoir  lake 
system  that  st  ores  about  a  one  mont  h  sunn!  y  of  water  (cl  su  ..-.e r 
level  demand)  and  a  ruptlcpf-.it  a  i  we?  !  syst  em  at  V.-drais  Lake . 
Mississippi  River  simply  cur  rai  J  merit  vould  still,  however1,  force 
St.  Iaul  to  institute  an  emerge;. '-y  use  rrog.rnrr.,  consider  passible 
cross-connections  with  adjoining  groundvat  er-suppl cd  communities, 
possiMv  drop  ri  swv.ii’  lakes  to  record,  lev  levels  and  undertake 
the  same-  tidies  recti  i  =  *  si  **ii:pc;:.  cl  is  *  e  t.re„are  for  an  emer¬ 
gency  she  -  t  age  .  During,  r  sk.e.r:  age  .  St  Paul  woul  .1  cert  ai  nl  v 


Al.  . . I.». r, .  ,  . . .  •  •  l..  to-  I've:.  **.  ■  -  !.  I  :  P . 

A«a  h  i  *  innly  *  t»  vi  r  I  •  ■  >  •  tit  >  i  »*•.  ,  »•  r.  • ,  •  •  •  *’  •  «n  •  *  •  •  i-  ■  m  •  v  il  .•  »,v  ■ 
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give  its  cit'zens  and  the  communities  it  supplies  higher 
priority  than  Minneapolis  for  use  of  reservoir  lake  water, 
although  a  spirit  of  cooperation  likely  would  result  in 
sharing  of  water  to  some  degree.  The  point  of  the  preceding 
discussion  is  that  benefits  associated  with  release  of  head¬ 
waters  lakes  water  have  to  be  viewed  from  the  standpoint  that 
curtailment  will  cost  the  cities  of  Minneapolis  and  St.  Paul 
far  more  than  chat  figure  assigned  by  the  study. 

Similar  a gr aments  exist  for  each  of  the  other  uses  identified 
in  the  December  10  letter.  From  a  low-flow  augmentation 
standpoint,  maintenance  of  an  assured  flow  means  that,  discharges 
from  industrial  and  municipal  treatment  facilities  can  be 
designed  according  to  a  narticular  standard  with  a  fair  amount 
of  certainty.  If  vour  stage  three  evaluations  show  that  releases 
to  the  Mississippi  River  can  be  increased  so  that  more  flow  than 
1600  cfs  will  reach  Anoka,  we  can  similarly  evaluate  treatment 
levels  and  perhaps  expend  less  public  funds  upgrading  discharges 
to  advanced  levels.  Anticipated  expenditures  for  the  Metropolitan 
Treatment  Plant  alone  are  close  to  $200  million  over  the  next  five 
years.  The  public  would  benefit  greatly  if  some  means  could,  be 
found  to  increase  minimum  flows  and  reduce  feat  non:  cosn  while 
still  maintaining  the  environmental  Quality  of  the  river. 

From  a  navigation  standpoint,  decreased  flows  during  the  low-flow 
season  mean  l*.?ss  lockages  and  possible  curtailment  in  barge  move¬ 
ment.  As  happened  in  the  summer  of  1976,  locks  might  be  opened 
less  often  as  a  water  saving  measure.  Again,  the  best  wav  to 
assign  benefits  accrued  from,  minimum  flow  releases  is  to  look  at 
lost  capital  associated  with  decreased  barge  movement  both  within 
and  into/out  of  the  Metropolitan  Area. 

Irrigation  benefits  I  will  leave  to  non-Metropoli tan  Area  interes's 
to  address  because  we  have  little,  if  any,  irrigation  withdrawal 
directly  from  the  Mississippi  River.  Recreational  benefits  will  be 
extremely  hard  to  ouantifv,  but  are  perhaps  best  represented  bv 
hours  spent  on  or  near  the  river.  Most  lost  benefits  are  going  to 
be  associated  with  boating,  fishing  and  nature  experience.  Low 
water  and  decreased  lockages  means  that  many  of  the  recreational 
boats  on  the  river  will  have  limited  range  and  access.  Mishin" 
will  of  course  decrease  as  water  levels  drop  and  water  quality 
worsens.  Trips  to  the  river  environs  to  bird -watch ,  explore  nature 
trails  and  experience  the  river  system  will  likelv  decline  as  the 
river  deteriorates  and  becomes  less  attractive. 

Power  gone rat  ion  and  cooling  will  be  at  highest  demand  during  tie 
naturally  occurring  low-flow  periods.  lTe  suggest  that  the  stage 
three  effort:  explore  the  possibility  of  energy  curtai  lrrr.i  s  result¬ 
ing  fro.i  decreased  nvailabf!  itv  or  riv<r  water,  and  tval  ur.  *<•  t 1  <• 
loss  of  (Ms  benefit.  It  would  also  prove  beneficial  to  eviluec 
losses  f  rot ,  those  power  facilities  serving  the  Region,  bur  !•■■<• 
noccssar i 1 v  within  the  seven  counties,  and  loss  of  facilities  that 
cannot  be  built  because  of  the  lack  of  acceptable  minimum  fie.. 
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As  for  the  conservation  plan,  the  Council  is  not  aware  of  any 
current  effort,  although  the  future  presents  several  possibi¬ 
lities.  Wo  had  a  water  conservation  study  proposed  for  1979, 
but  postponed  its  beginning  because  of  the  U.S.  Water  Resources 
Council  change  in  water  planning  (Title  III)  orientation  to  now 
call  for  emphasis  cn  water  conservation.  We  are  awaiting  action 
by  the  VRC  as  to  how  funds  can  be  passed  through  for  such  studies. 
The  state  will  also  potentiailv  be  responsible  for  statewide 
water  conservation  programs.  To  our  knowledge,  no  current  plan 
exists  for  the  cities  of  Minneapolis  or  St.  Paul.  The  area  where 
we  have  defined  the  most  immediate  need  is  that  of  quantifying 
current  useage.  Obviously  we  cannot  determine  water-savings  if 
we  do  not  know  what  the  current  use  is  and  what  the  possibilities 
for  savings  are.  Any  help  in  this  area  would  certainly  be  nest 
timely  and  would  provide  good  data  for  future  programs. 

I  would,  like  to  offer  the  assistance  of  the  Council's  Environmental 
Planning  Division  staff  in  any  effort  you  pursue.  The  staff  will 
be  more  than  willing  to  meet,  with  you  or  vour  staif  to  discuss  our 
concprns  and  share  our  suggestions.  We  are  c.uitc  interested  in  tic 
headwaters  s'-udv ,  so  any  guidance  we  car.  give  or  anv  information 
we  can  provide  at  this  early  stage  will  certainly  benefit  both  of 
our  agencies.  The  Council  staff  contact  for  continued  input.  Lo  the 
study  will  be  Cary  Oberts  (291-6A8'0  • 

Thank  you  again  for  your  continued  efforts  to  keep  t*s  involved  in 
the  headwaters  study. 


EEF :  G1,0:  ind 

cc :  Metropolitan  Waste  Control  Commission 

City  of  Minneapolis,  Water  Deeartmont 
City  of  St.  Paul,  Water  Department 
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CAf  PHi  'C1RAMS 

LEECH  LAKE  RESERVATION 

BUSINESS  COMMITTEE 

BOX  308  •  CASS  LAK.l..  MINNESOTA  56633 
218  335  2237 

January  15,  1930 


Mr.  Rex  Mayotte ,  Junorintondent 
Bureau  cf  Indian  Affair: 

?.P.  Box  97 

Cass  Lake,  Md  sou33 

Daar  Mr.  Mayotte: 


The  following  are  our  comments  ana  suggestions  to  the  Stage  2 
Summary  Report,  and  the  St.  Anthony  Falls  Hydraulic  Report,  both 
of  which  concern  the  operation  of  the  Headwaters  Reservoirs. 

A  point  which  is  referenced  several  times  an  these  reports,  is 
the  lack  or  inf~raaticn  concerning  fisheries  and  •..•'Is  rise,  arid  the 
impact  to  then  by  tno  four  operational  plans .  An  Upper  Great  Lakes 
Regional  Commissi  x.  J‘  uj>  ,  jated  5 >V5 ,  reveals  a  1.- a ,  CJ.' ,  0C0  wild 
rice  industry  n.  Minn snot a.  Nearly  one  fourth  of  these  wild  rice 
beds  are  ucateu  within  in.  Leecn  Reservation,  at  the  top  of 

the  Headwaters  reservoir  system.  Linee  rice  cede  stay  be  adversely 
impacted  by  :  luctuatir.. ..  _  .i:e  level  n .  an  economic  assessment  should 
be  mace,  ana  weighed  a  t. the  four'  operation  plans  ir:  the  Stags 
3  Report. 

As  huiTiun  j r  par  i  un  tin.-  Headwater.  .  erv-rvoirs  intensifies  in  the 
next  30  years,  c:.e  I'i.w.trios  will  sustain  an  ir.cr-aassd  fishing  pressure. 
The  economic  interest  here,  is  on  a  bread  scale,  us  the  Stage  2  Retort 
has  disc  I  weed.  '-lsner-x-  s  .’.aiiagement  planning  should  L-e  included  in 
the  cJe-ign  uf  reservoir  management  pin .mug. 

We  offer  strung  supprt  for  the  conservation  plan,  which  is 
mentioned  an  :  vy*  lid  °-  ‘h.;  otare  .{  Reoor*  .  Much  a  plan  would 
pros. etc  water-  n .  ervati.  i.  insures,  offsetting  futui'C  demand,  whicn 

is  the  basis  j'wr  .Ij.i  a  sr  this  study,  l.’c  will  work  with  ycu  to 
design  an  or-era*. tonal  plan  based  on  the  conservati -jn  of  the  Mississippi 
Headwaters  Reservoirs  to  u-.-  included  m  the  Stage  a  Report. 

The  re-comae: :  .Ut ions  : ->r  the  Ltage  3  JtuJy,  page  ICd  oi  Ctage  2 
Report,  mentions  a”  nn.r=as&d  flow  cf  a,30j  cfs,  for  the  y-  ar  2015 
at  Anoka.  The  proposed  purpose  of  such  a  $oiumc  is  to  provide  water 
quality  improve: .ent  ir.  t:.e  i'wan  Ciuiss.  area,  An  increased  flush 
rate  as  a  replacement  f<»:  tc-chnaloi  ic*l  jx  llutxon  acaie:T.--nt , 
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Mr.  Hc?>:  Mayotte 
Page  2 

January  lb,  ly'-.-O 

would  be  a  circumvention  of  the  federal  clean  water  law.  The 
Mississippi  favor  .would  not.  be  f7x.de  a  simple  extension  to  municipal 
sewage  t  re  .it  non  t .  u  letter  It  or::  Li,'.,  page  £-2*3  of  Stage  2  Appendix, 
puts  forth  the  fcicr.il  \isl.iti on  which  governs  water  pollution 

control. 

Our  ccntineoii.p  cooperation  in  the  Headwaters  Reservoirs 
planning  process  will  insure  the  maintenance  of  cur  reservation's 
integrity. 

Mi-Gwitch! 

Hartley  White, 

Tribal  Chairman 
Leech  Lake  Reservation 


cc:  Roger  T.  Aitkon,  Executive  Dir«-ctor 

Eaward  F.  F air haul. s ,  Director  Natural  Resources 
John  Fcrscll ,  Minnesota  Chipnewa  l'rioo 
John  Loftus,  Special  Operations 


IN  REPLY  REFER  TO 

Real  Property  Mgmt. 
1103-01 
TRR  7-5 


United  Slates  Deoartment  of  the  Interior 

* 

BUREAU  OF  INDIAN  AFFAIRS 


MINNESOTA  AGENCY 
P.  O  Box  97 

CASS  LAKE.  MINNESOTA  56633 


January  16,  1980 


Colonal  Bader 
District  Engineer 
U.S.  Army  Engineer  District 
St.  Paul 

1210  U.S.  Post  Office  S  Custom  House 
St.  Paul,  Minnesota  55101 

Dear  Mr.  Bader: 

Tr  ansmitted  herewith  are  the  comments  of  the  Leech  Lake  Indian 
Reservation  regarding  the  Mississippi  River  Headwaters  Lake  Study, 

Stage  2  Summary  Report. 

Our  agency  has  also  reviewed  the  document  and  our  comments  are  in 
concurrence  with  those  pf  the  reservation.  As  you  know,  a  large 
portion  of  the  Headwaters  Reservoir  System  lies  within  the  boundaries 
of  the  Leech  Lake  Reservation,  which  was  created  througn  a  treaty 
between  the  Chippewa  Indians  and  the  United  States  Government  in 

1855. 

The  basic  rights  inherent  to  a  sovereignty  still  exist  today  within 
the  exterior  boundaries  of  the  Leech  Lake  Reservation,  regardless  of 
the  status  of  ownership  on  these  lands.  Prominent  among  these 
rights  are  those  which  pertain  to  the  natural  resources  within  the 
reservation.  The  Bureau  of  Indian  Affairs,  as  trustee  for  the 
Leech  Lake  Band  of  Chippewa  Indians,  on  behalf  of  the  United  States 
government,  will  protect  the  integrity  of  these  resources  to  insure 
that  they  are  not  diminished. 

On  December  31,  1979,  Interior  Secretary  Cecil  Andrus,  and  Assistant 
Secretary  for  Indian  Affairs  Forrest  Gerard,  announced  a  policy  decision 
governing  the  procedures  for  planning  Indian  Water  Projects  to  comply 
with  President  Carter's  Water  Policy  message  of  June  6,  1978. 

This  information  will  aid  the  Secretary  in  determining  whether  such 
projects  merit  deoartmental  approval.  In  addition,  this  new  policy 
requires,  for  the  first  time,  an  assessment  bv  the  affected  tribe  of 
the  extent  to  which  a  particular  project  docs  or  dees  not  contribute 
to  the  social  and  economic  well  being  of  the  Tribe.  Th>s  assessment 
Includes  demographic  effects  on  the  reservation,  effects  on  sacred  sites, 
fish  and  wildlife  habitats,  and  on  archeological  and  historic  si‘es. 
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The  interaction  between  the  operation  of  the  headwaters  reservoirs 
and  the  natural  resources  of  the  Leech  Lake  Indian  Reservation 
should  be  a  major  consideration  when  alternate  operating  plans 
are  considered  by  the  U.  S.  Army  Corps  of  Engineers.  We  hope  that 
open  lines  of  communication  can  be  maintained  at  all  times  between  your 
agency,  our,  and  the  government  of  the  Leech  Lake  Reservation.  We 
appreciate  this  opportunity  to  comment  and  stand  ready  to  be  of 
assistance  if  needed. 

Sincerely  yours , 

j$aJ  fi'UUj 

Super intendent 


r 


u 


4.  On  page  lf8,  under  items  a-e ,  we  support  the  idea  that  r.o  farther 

investigation  of  the  perimeter  dikes  is  needed  on  Lake:-  Winnie  and 
Leech.  We  envision  no  problems  with  detail'd  ins;  ••.•tier.,  test i 
monumentatien  of  these  dikes,  a:'  io.ng  as  such  w-.rk  involves  m:  I 

disturbance  of  existing  vegetative  cover.  H  >Wev»  r,  the  •_•  :  4 

clearing  brush  and  trees  firm  dikes  on  Lake  Wii.nmis  s:.:.  h  a;  :  •  am 
contradict  the  piarrins  eb.iect  iv,.-  .  f  csr.tr.  i  •  i:..-*  :  a:.:,  r  s  i  :..  In  i 
on  the  highly  erosive  soils  character:  s  •.  i  c  ‘r.-  .  r.  .rei  i  f  Win:, 

bigeshish,  vee-otat  i  :r.  and  its  ass  olut-  :  r.  •  ir.  *  sys*< ‘ .  :  r  :  a:,  ty 
the  most  influential  factor  in  mining  :::••  oik-..  t  r. 

5.  On  pace  Sl8,  the  pr  .pored  dred-- i  r:g  does-  :  ear  ■  !•  .  i .  i  a  a  .  •  : 

which  would  satis  fact-  rily  res.  ;  v>-  tis  :  :•  :. '.  •  i  ■  ;  11 

capacity  at  the  Leech  Lake  Da:::.  We  :*.:•■■  ns:  aware,  h..v;ev*-r.  1  ha* 
significant  problems  with  spr i  n-tirre  hish  van  :•  lev* -Is  has  :  v.  n  a  r 
curring  profc  lem  in  rose:.:  years  n  Lee.::.  Lm  •  .  ani  w  u  i  :  -nan 

the  benefits  be-  .rained  by  dredging.  is  •  re  i  -  sms-  s.  s.  as- 
figure  on  pare  lt?4  represen t at ive  f  an  average  aianuai  i  <. f i  :  in  • 
of  property  damage  alleviated? 

It  is  not  obvious,  from  our  viewpoint,  t.h 
by  increasing  spring  storage  capacity 
on  water  virility  f  increased  sci  men:.  .*• 
operation  or  the  impacts  rf  spoil  disp.sa 


o.  On  page  L'v',  we  agree  with  the  r-vvan:.,:  ati.n  :  s  :.  •  fur  - 

marsh  development  pr  :p  -sals  bel  ow  Leech  Las-  L-.cr.  dur  .ns  .  •  are 
state,  we  are  in  favor  of  the  r.o  action  aiterra  *  ive  to  -..a  in*  ■  La 
integrity  of  the  area  as  a  canoe  route.  Csss  cs''.o- ms  w:  *  n  so- 
of  tne  area  ii«  in  a  number  of  areas,  inch;:::.'-  :  ..t  .  . 

nutrient  leading  likely  to  occur  with  d-vel  osm-mt  f.r  wild  si  ■«. 
auction  and  possible  disruption  of  eagle  nous  in  the  vie  in: ty 
proposed  activity. 

The  Sugar  Point  Bog  s-ubimpoundment  is  also  not  favora:  in 

due  to  the  magnitude  of  the  structural  measures  r-:  wired,  i 

disruption  of  eagle  activity  in  the  ares. 

Unfavorable  benefit  cost  ratios  for  the  tw<  devoi  ::  men :  1  *  a 

conclusively  support  selection  of  fh.e  no  action,  alterin'  lv.  . 

Sincerely, 

J.  E.  BREWER  V 

Forest  Supervisor 
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jr  STATE  Of 

S  ‘  T  rx  ^  r.  .  „  _  .  ,  ^ 


DEPARTMENT 

-1  i  i  i  *i..ayetLo  iixiu, 
12)  296-0436 


OF  NATURAL  RESOURCES 

device  cV-nter  Ling.,  at.  1  tiui ,  aaiul 

F,te  No  _ _ 


January  31.  1980 


Colonel  William  W.  Badger 
District  Engineer 

St.  Raul  District,  Corps  of  Engineers 
1135  U.S.  Post  Office  &  Custom  Hour;e 
St.  Paul,  Minnesota  55101 

Dear  Colonel  Badger: 


The  attached  contents  on  the  Corps  of  Engineers  Stage  2  Study 
report  on  t'ne  Mississippi  River  fiea<i.;aters  Lake  are  provided 
in  response  to  your  letter  of  November  13,  1979. 

If  you  have  any  yuertions,  please  feel  free  to  contact  this 
office. 


Sincerely, 

DIVISION  OF  WATERS  „ 

Gene  H.  iiollcnstein 
Chief  f  Virologist 

TVaI  i  r^j  PlAhmrn  ^ i  nn 


GHIi/ls 

Attac'rment 


cc:  Kermit  McRae 


L-34 


AN  EQUAL  OPPORTUNITY  EMPLOYER 


Contents  on  Stage  2  Surrnry  Report 
Mississippi  River  Headwaters  lake  Study 

Page  13  Groundwater 

The  first  paragraph  referring  to  many  lakes  being  water  table 
lakes  hydraulically  connected  to  the  aquifers  cannot  be  supported. 

The  paragraph  should  be  rewritten  since  it  gives  the  impression 
that  groundwater  use  in  the  headwaters  region  is  seriously  affecting 
surface  water  levels.  Although  this  rray  be  true  in  a  few  specific  local 
situations,  it  is  not  true  as  a  generalization  for  the  area. 

Most  of  the  groundwater  use  is  centered  in  the  sanaplain  areas 
where  the  major  use  is  for  irrigation.  Discussion  clarifying  the  occur¬ 
ence  of  groundwater  under  varying  geohydrologic  conditions  is  needed. 

Page  18  -  last  paragraph 

The  statement  regarding  water  deficiencies  and  water  surpluses 
should  be  rewritten.  It  is  suggested  that  the  Corps  contact  Earl  Kuchr.a 
State  Climatologist,  Department  of  Katural  resources,  for  stqqested 
language. 

Page  45  -  second  paragraph 

Carr  records  indicate  only  twelve  hydroelectric  newer  developments 
in  the  basin  area.  Nine  hydroelectric  developments  are  located  on  the 
Mississippi  River  at  the;  'Twin  City  dam.  Ford  Motor  Corpany;  lever  St. 
Anthony  Falls,  'Jorthem  States  Power  Company;  Upper  St.  Anthony  Falls 
(iierr.cpin  Island),  Northern  States  Itwer  Corpany;  Sartell,  St.  Regis 
Paper  Corpany;  Blanchard,  Minnesota  Power  &  Light  Corpany;  Little  Falls, 
Minnesota  Power  &  Light  Corpany;  Brair.erd,  Potlatch  Corporation  N.W. 

'apor  Corpany;  Crand  R;pids,  Blandin  Paper  Corpany;  and  Bomidji,  Otter- 
tail  Power  Cor  p,iny.  Hydroelectric  power  dove  lo[  fonts  are  also  located 
on  tire  Crow  Wing  Fiver  at  Pillager  and  .°vlvan,  owned  by  Minnesota  Power 


&  Light  Company  and  the  Prairie  River  owned  by  Blandin  Taper  Gorpany. 

The  dains  of  the  Elk  River  and  Sauk  River  are  not  used  for  hydroelectric 
power  development  at  this  time. 

Page  59 

The  statement  of  Page  59,  third  paragraph  should  be  revised  to 
indicate  that  9  hydropower  plants  have  benefited  from  streamflow  regu¬ 
lation  of  the  6  headwaters  lakes.  The  number  of  steam-electric  plants 
in  use  in  the  basin  area  has  not  been  checked  by  this  office,  but 
should  be  carefully  checked  by  the  Corps. 

The  statement  regarding  irrigation  withdrawals  should  be  changed 
to  read  as  follows: 

"Based  on  present  trends,  it  is  likely  that  irrigation  withdrawals 
will  continue  to  increase  in  the  future  and  this  rray  result  in  ccrpcti- 
tion  with  ir.stream  users  and  other  withdrawals.  The  magnitude  of  the 
problem  will  depend  on  water  conservation  and  water  management  planning." 

The  maps  on  pages  46  and  47  should  also  be  revised. 

Page  64  -  first  paragraph 

This  statement  regarding  increased  tourist  use  should  lx?  revised 
to  reflect  the  possible  impact  of  energy  siiortnges  on  tourist  travel 
which  ray  change  the  effects  on  nutrients  ana  eutrophication. 

Page  69  -  Tank  Erosion 

The  first  sentence  should  read,  "Tank  erosion  on  the  headwaters 
lakes  is  caused  by  fluctuations  in  lake  levels." 

Page  72  -  Other  Problems  &  Needs 

Add  the  following:  It  :  lould  be  not'd  that  permits  will  be  required 
from  the  Minnesota  Department  of  Natural  FVscur cos  for  any  proposed  work 


E-36 

/ 


which  would  cKiiige  the  course,  current  or  cross-section  of  public  waters, 
of  sji'Ci.il  concern  is  the  area  selected  for  deposition  of  dredged  ratcrial 
in  order  to  prevent  filling  of  wetlands  and  destruction  of  wildrico  beds. 

Pago  74 

'Third  paragraph  relating  to  core  stringent  land  use  rnnacormt 
an.1  dove'cp.ent  controls.  The  statement  is  very  negative  and  it  is 
suggested  that  it  be  r'-written  to  better  relate  to  the  existence  of 
county  slw-rcl^nd  r.  -rent  controls  which  should  at  least  ensure  t  hat 
r.< w  di'-v<doji'».?r.t  is  not  subject  to  flooding  and  will  rot  cause  additional 
water,  nudity  prohhrs  by  h»  ‘ter  regu latino  waste  disposal  systems. 

rihe  paragraph  stou.ld  point  out  that  tdiore  is  a  need  for  rore  cor-v- 
preb  reive  rdw  relard  r.-.r  ;  •  <  nt  progra'is  closely  related  to  those  specific 
vateis  wiiteh  are  mat  1  .•  . •. vi ly  i  reacted  by  exist  ing  and  new  developments . 

;e  /'••  it  sir.  a  ..  p  ;  ce.-.i  n*  s 

Turd  paragraph  relating  to  power  interests.  The  numbers  should 
It.  :•  i.e]  as  disarmed  e.irl  ier. 

;  ;  78,  70  i  dO  -  hV  Linulat- it  r.  and.  i-Val  uat  ion  Criteria 

/•.I the u jl i  Tore  is  a  refer*  -nt e  to  possible  solutions  to  flood  problems 
or.  i-oje  F2  in  h.-trs  of  r/'us*  rue'tutal  a.nd  structural  alternatives,  there  is 
no  i . >fert -nee  to  !hr.  stnx  t.ue1  .Mtern.it  ivos  ar.d  Criteria  relating  thereto 
m  *•';•. is  notion.  Additional  o-rm-nt  ary  and  criteria  recta  t  ding  non-stniet ural 
f  1 :  x  g  pi.;-  r.  n.;r.ii!i-,  «  nt  planning  should  be  inclu  led  in  the  discussion  on 
Page--.  78,  7 a  80. 

It  should  to  not  -  xi  tl.it  ox  hi  rat  ions  of  su<-h  non  structural  methods 
rear.  ,-nr.iu;.  nhhvi-uor  r<-Tul.it  ions,  relocation,  aorpusitior  and  flood 
•  /.  ir.t j  e.'-uhi  !«•  ru;t  l*  irfu-i.il  if  coordinated  with  involved  local,  state 
■.-< i  f>  d-  ■;  a  l  .  u  p  neies . 
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Pages  83  &  84  -  Headwaters  Lakes  Operating  Plans 

Alternative  1  -  the  Present  Operating  Plan.  It  is  recommended  that 
the  fol  lowing  statement  be  added  to  the  discussion  of  Alternative  1: 

"The  present  dam  operation  plan  has  been  established  based  on  a 
cooperative  agreement  between  the  Department  of  the  Army  and  the  State 
of  Minnesota. 

The  plan  is  in  compliance  with  requirements  of  Minnesota  Statutes 
Section  110.49  which  prescribes  maximum  and  minimum  stages  and  resultant 
discharges  from  each  reservoir.  (A  copy  of  the  statutes  relating  to  the 
Headwater  Lakes  is  attached). 

Minnesota  Statutes  Section  110.53  provides  for  modification  of  the 
plan  by  the  Commissioner  subject  to  the  following  law: 

110.53  MODIFICATIONS.  It  is  recognized  that  experience  may  rc-quire 
changes  in  the  elevations  sought  to  be  maintained  on  c-ach  of  the  headwater 
ekes.  Consequently,  once  a  plan  has  boon  put  into  effect,  the  commissioner 
is  authorized  to  modify  the  stages  sought  to  be  maintained  by  modifying  his 
plan  with  respect  to  any  of  the  lakes  involved  to  the  extent  of  one  fcot 
in  elevation  according  to  the  zeros  of  the  present  government  gauges  without 
tlie  necessity  of  further  or  additional  hearings;  provided  that  in  no  event 
shall  any  departure  from  the  elevation  target  be  made  so  as  to  reduce  any 
proposed  stages  below  tine  rinimums  prescribed  by  section  110.49,  clause  (e) 
during  the  recreational  season.  Any  modification  of  the  plan  established 
subsequent  to  the  hearings  herein  provided  which  departs  by  more  than  one 
foot  in  elevation  shall  be  placed  into  effect  only  upon  further  hearing 
proceeding  upon  the  same  formalities  as  the  hearing  hereinabove  prescribed. 

{  1961  c  459  s  7;  1976  c  239  s  21  ) 
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110.47  DAMS;  LAKE  WATER  ELVLLS 


Ul( 

ject  datum,  has  been  prepared  under  the  direction  of  the  commissioner  of  njiu  , 
sources  and  approved  by  the  South  Dakota  Minnesota  Roundary  Waters  Cnminu  ^ 
May  1,  19h6.  The  construction  of  said  project  would  make  s.nd  works  adr  cp.^  ,lc< 
effective  to  conceive,  control,  and  maintain  the  waters  of  said  lake  for  the  p'lrrvi''^ 
aforesaid,  would  materially  reduce  the  deposition  of  silt  in  said  lake,  and  woniJV*'?* 
stantially  enhance  the  value  of  said  lake  for  said  purposes  Said  project  would  "U*‘ 
mote  the  public  health  and  welfare  and  would  be  in  fuitherance  of  the  public  mi/,r0" 
in  both  of  said  states.  ^ 

Subd.  2.  Commissioner  of  natural  resources,  duties.  The  commissioner  of  r.-m 
ral  resources  is  hereby  authorized  and  directed  to  construct,  maintain,  and  ny-lLt" 
said  project  in  accordance  with  said  plan,  and  to  acquire  by  purchase,  gift,  or  co-  4* 
nation  as  provided  by  law  all  lands  and  other  property  necessary  therefor.  .  V"*- 

Subd.  3.  Supplementary  law.  The  provisions  of  this  section  shall  not  su-J-.  v 
or  abridge  any  existing  law  not  inconsistent  herewith,  but  shall  be  supplement"* 
thereto.  " 

l  1957  c  749  s  1-3.  1969  c  1129  art  3  s  1  ]  .  -  • 

NOTE  Set  ircuon  114  12.  .  ♦ 


110.47  HEADWATER  I.AKF-S  OF  MISSISSIPPI,  KF.ASON  FOR  CONTROL  Ii  j, 

the  considered  judgment  of  the  legislature  of  the  state  of  Minnesota  that  :he  rc.-  ’j 
tion,  control,  and  utilization  of  waters  in  t tie  headwater  lakes  in  the  Mississippi 
including  Leech  Lake.  Winrubigo- lush  lake,  P<  ki  gatna  Like,  Pine  Riser,  (the  v.o 
ish  chain),  Sandy  Lake  and  Gull  Lake  are  of  tremendous  economic  importance  ?-"« 
value  to  the  state  of  Minnesota.  It  is  further  the  considered  judgment  of  the  lep/sio,"  “ 
of  Minnesota  that  the  utility  of  these  lakes  in  aid  of  navigation  has  been  very  gre’A. 
diminished  since  the  time  of  the  establishment  of  the  icservoirs,  and  that  the  ec-> 
nomic  values  in  utilization  of  these  waters  for  state  purposes  has  inri rased  tr»-.*o- 
dously.  Them  factors  require  the  assertion  on  the  p.irt  of  the  state  of  Minnesota  of  £i 
rights  to  utilization  and  control  of  these  water  areas.  . 

[  1961  c  459  s  1] 

110.48  JOINT  FEDERAL-STATE  CONTROL  Tl.e  commissioner  of  natural 
sources  is  authorized  and  directed  to  infer  in'o  cooperative  igre«:rents  with  •„> 
United  States  of  America  acting  'lirough  ih-  department  "f  tk  ■  atniy  f  a  :1:<  p  int 
trol  and  regulation  of  these  re'ei v .«rs  within  the  pnncipies  hereinafter  pt  -eng-d  r; 
as  to  effectuate  control  of  the  water  elevations  and  the  water  discharges  from  !h  < 
lakes  in  the  interests  of  the  state  of  Minnesota,  subject  only  to  any  paramount  re— i  cf 
waters  from  these  sources  in  aid  of  s..h-:.intial  ii.iv:  — iisn  require un-nts.  .-.id  •  .  _-a 
further  to  any  substantial  requirement  of  providing  necessary  (iood  control  storage  ca¬ 
pacity  as  determined  by  the  corps  of  .urnv  engineers. 

[  1961  c  s '59  s  2,  1969  c  / 129  ort  3  s  I  ) 

110.49  PLAN  FOR  DAM  OPERA  HON.  The  commissioner  of  natural  re<oz;c-i 
is  hereby  authorized  and  directed  to  fonniilate  a  plan  for  the  .pcrat.on  of  tl.e  c'  .nu 
controlling  each  of  the  reservoirs  hereinabove  nan.ed  which  will: 

(a)  Seek  to  establish  the  water  elevation  on  each  of  the  lakes  at  the  most  dr.-T 
ble  height,  and  to  stabilize  the  stages  at  that  point,  insofar  as  practicable,  dining  t  z 
recreational  season  in  M.nnesota; 

(b)  Give  due  consideration  to  piov  id.ng  for  any  reasonable  finctu  dims  whir,  de¬ 
sirable  for  the  production  of  wild  rice  in  'he  wild  ru  e  prtuhn  ini’  .it;  as  of  tl.es?  lakes; 

(c)  Take  into  account  the  elevations  most  desirable  for  the  prod  Ktmn  ur.d  .re  : 
tenance  of  wild  life  resouices; 

(d)  Give  due  consideration  to  needs  of  w-iter  for  recreation,  apt  a  ulture.  fore  rt- 
game  and  fish,  industry,  municipal  water  supply  and  sewage  disposal,  pewer  ;.... 
tion,  and  other  purposes  in  the  Mississippi  river  headwaters  and  <ii.wnstn.un, 

(e)  Establish  st.ig.es  at  which  the  water  shall  he  maintained  so  far  as  ;  :a  "ica'-i. 
but  basu  ally  ret o  -iu.-ing  the  following  minimum  stages  in  re  ference  to  pi  cut  ■'  -1 
on  the  respective  g..veinnunt  gauges. 

Leech  I.ake . 0.0 
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DAMS;  LAKE  WATER  LEVELS  11 0.53 


Winnibigoshish  Lake . 6.0 


Pokegama  Lake . 6.0 

Sandy  Lake . 7.0 

Pine  River . 9.0 

Gull  Lake . 5  0 


(0  Prescribe  maximum  discharges  at  any  time  the  elevations  fall  below  such 
stages; 

(g)  Prescribe  maximum  elevations  and  amounts  of  discharge  from  each  lake  so 
as  best  to  stabilise  and  effectuate  the  desired  stages.  Insofar  as  practicable,  the  fol¬ 
lowing  maximum  lake  stages  shall  not  be  exceeded: 

Leech  Lake . 3.5 

Winnibigoshish  Lake . 12.0 

Pokegama  Lake . 12.0 

Sandy  Lake . 11.0 

Pine  River . 14.0 

Gull  Lake . 7.0 

[  1961  c  459  s  3.  1969  c  1 129  an  3  s  1  ] 

110.50  POTENTIALS  COMPREHENDED  BY  PLAN.  The  plan  devised  by  the 
commissioner  shall  comprehend  the  following  potentials: 

(a)  The  necessity  for  changing  discharges  to  meet  any  emergencies  resulting 
from  unexpected  or  abnormal  inflows; 

(bi  The  possibility  of  overriding  requirements  of  the  federal  government  for  sub- 
stant  scr.arges  to  meet  reasonable  and  substantial  navigation  requiiements; 

tv.,,  The  overriding  authority  and  needs  as  prescribed  by  the  army  engineers  in 
discharging  their  functions  of  requiring  additional  storage  capacity  for  flood  control 
purposes. 

[  1961  c  459  s  4] 

110.51  NOTICE  OF  PLAN;  HEARING.  Before  the  plan  of  operation  for  any 
headwater  lake  is  put  into  effect,  the  commissioner  shall  publish  a  notice  of  hearing 
upon  said  plan  for  two  weeks  in  a  new  spaper  in  each  county  in  w  hich  the  water  areas 
to  be  affected  he.  The  hearing  shall  be  conducted  by  the  commissioner  or  his  duly  ap¬ 
pointed  referee  All  interested  parties  shall  have  an  opportunity  lo  be  heard,  shall  tes¬ 
tify  under  oath,  and  shall  be  subject  to  cross  examination  by  any  adverse  panics,  and 
by  the  attorney  general,  or  his  representative,  who  shall  represent  the  coinnvss.mer 
at  said  hearing.  The  he; ring  will  not  be  governed  by  legal  rules  of  evidence,  hut  the 
findings  of  fact  and  un.'-rs,  to  be  made  and  formulated  by  the  commi- <inn-r.  sh  .!!  he 
predicated  only  upon  relevant,  material,  and  competent  evidence  The  Endings  of  fart 
and  orders  incorporating  tie  plan  detei  mined  upon  by  the  commissioner  shall  be  pub 
fished  for  two  weeks  in  the  same  manner  as  the  notice  of  hearing  was  published. 

[  1961  c  459  s  5  ) 

110.52  APPEAL  Any  riparian  land  owner  or  water  user  aggrieved  by  such 
findings  shall  have  the  rirht  to  appeal  within  30  days  of  the  completion  of  publication 
to  the  district  court  of  any  county  in  which  the  regulat<  J  water  lies,  which  appeal 
Shall  be  determined  bv  the  court  on  the  record  made  before  the  commissioner  of  n  it u 
ral  resources  Issues  on  any  such  appeal  shall  he  the  legal  rights  of  the  patties  and  the 
further  question  as  to  whether  the  findings  of  the  commissioner  are  reasonably  sup¬ 
ported  by  the  evidence  adduced  at  the  hearing, 

(  1961  c  459  s  6,  1969  c  1139  an  3  s  l  j 
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Wnitefish  lake  Channel  Obstruction  and  Marking 


Page  168  -  Alternative  1  No  action 

The  second  paragraph  points  out  that  all  lakes  are  interconnected 
at  norm  I  level  s  by  a  navi  cr ible  channel . 

This  infers  that  the  problem  is  only  during  lew  water  periods  and 
is  not  a  persistent  problem.  Furthermore,  the  sentence  relating  to  the 
failure  of  the  1976  cleanout  effort  of  the  Big  Trout  Lake  channel  points 
out  a  rajor  problem  in  attempting  to  maintain  an  open  channel  during  low 
flow  periods  since  the  channel  silted  in  rapidly. 

This  problem  steuld  be  emphasized  in  the  report. 

Page  169 

The  discussion  of  decreases  in  property  values  should  be  tetter 
substaniatid  by  showing  the  differences  in  asset  values  around  tie  various 
.ekes,  the  actual  real  estate  values  around  each  of  the  lakes  and  the 
total  area  of  developable  chord i no  around  each  of  the  lakes,  The 
state-rent  at  the  bottom,  of  Page  169  indicates  that  tix?  values  would  decrease 
’i  f_  crxplete  egyss  * o_the__m : :  n  whit c  " i sh_l. :ke_\e '• :  c_  lost"  but  the  fact  is 
that  the  lc.-c.es  only  result  curing  low  water  pirrods  as  noted  by  the  ri.de- 
ner.t  of  race  16S  tint  'all  .1  1. '-os  are  ilifunor'nected  a.t  rorgal  !*• ■nh;  by 
noyij.ibio  .eternals. "  Thus,  the*  data.  which  do  r.  t  a  to  te  cquitoly 

doer  •rented  end  supported,  do  not  properly  reflect  the*  si  tuitions  existing. 

!  .j  ;e  170  -  Alternative  2 

11k.*  table  .  1  *;wi:k;  <  v.*nt.ro2 1  i  ng  water  bt  j  *  hr  irdir.it  .  a  t  bit  only  2 
Lake's,  Big  Trout  (1.7  feet)  .-..id  lorn  (2.0  feet)  ha.ve  i:  idi-;u. ,te  depths 
for  :  r,..t  navig  it  ion,  >.  •;  t  prrsibly  t'or  :v»i  1  louts  which  likely  require 

6  foot  d- pth. 

The  arsupt  !•  >r,  n-nrdino  a  6  fiot  d  h  steuld  te  cL-r'fied.  Few 
puny  sail  iojts  .it e  ir.  u.  e  < the  lake?  *-—41 


Page  171  -  Alternatives  3  and  4 

Both  relate  to  Lizard  Parking  and  Accidents.  Itow  nany  accidents 
have  occurred  as  a  direct  result  of  inadequate  channel  depth  and  wliat 
is  the  frequency  of  occurrence? 

Page  172 

This  refers  to  a  need  for  a  6  foot:  deep  channel  with  75-fee-t  bottom 
width.  Again  there  are  no  data  shown  to  justify  the  depth  and  width  stated. 

Page  174  -  Alternative  6 

The  use  of  riprap  jetties  in  lakes  is  normally  not  allowed  because 
of  interruptions  of  off  shore  drift  and  subsequent  environmental  problems. 
Alternatives  7  and  8  -  Tie  sane  comments  would  generally  apply. 

Pages  182-139 

Leech  Lake  Cam  Inlet  Channel  Restrictions.  There  is  concern  rccarcinq 
the  implementation  of  Alternative  2  (dredging)  under  the  District's  con¬ 
tinuing  operation  and  maintenance  program  in  re.  p.-ct  to  deposition  of  the 
dredged  material.  The  District  should  coordinate  these  efforts  with  the 
DNR  to  assure  that  the  disposal  of  dredged  materials  will  not  create  advor  e 
env  i  roarer,  ta  1  problems . 


Paces  197-215 

.Aitkin  Area  Flood  Control .  The  Department  of  Natural  Resources 
the  develop  r.-nt  of  a  corprcl'ic-nsive  ron-structural  flood  plain  :-nt 

program  as  rcoorrended  by  t!ie  Corps. 


Attached  herewith  .are  rarin.ts  tiie  DNR,  Division  of  Fish  and  Kildl;  f 


Review  of  the  Headwaters  Reservoirs 
li  Stage  II  Study 

The  study  two  plan  recorder, ds  that  the  fish  and  wildlife  agencies  provide 
further  guidance  because  the  environmental  losses  are  not  included.  These  recom¬ 
mendations  can  be  divided  into  two  parts,  (1)  effects  of  proposed  structural 
modifications,  and  (2)  effects  of  the  proposed  operating  plans. 


There  arc  four  operating  plans  which  have  been  proposed  in  the  stage  two 
headwaters  study  report,  and  they  are  (1)  the  natural  plan  which  is  a  return  to 
natural  tit  ions,  (2)  the  present  operating  plan,  { 3}  tv?  low  flow  plan  which 
is  the  .•••went  plan  modified  to  provide  a  minimum  flew  of  1600  cfs  at  Anoka ,  (•") 
and  the  high  flow  plan  which  is  designed  tc  provide  flood  protection  at  Aitkin. 


>'0  c 


Vi.  , 


of  t'vwe  p’vs  or.  reservoir  stages  was  computed  for  the  years  1932 
'V,  a  per i-M  cf  years.  The  first  elan  ms  developed  for  comparative 
c  was  mm . ;  •  .1  to  b  :  undesirable.  T'.cl :.v  i  ri  fi.yi  and  gv'e  •"onsidor  :t  T.n 


hiy;  flew  plan 


found  to  be  poor  cc-'eared  to  the  present  and  low  fiov 


which  apgc.-.rrd  .o  be  approximately  egual 


' '->o  reservoir  jtage  curves  ••.-..•re  evaluated  by  : pawning  level  reem  end.; :  i c  , . 
mx'wv  Tv'ls,  and  mini:  so  Vi'. els.  The  hydrogranhs  re  analysed  t‘-  d  -1  t_o si  no 
the  r.r  r  of  years  the  reservoirs  were  within  the  guid«*l  ires  c-?UibI  i ■r- : •  •' d  by 
the  division  oe  Ti.h  arid  Wildlife  in  1263.  From  th : :  cava  the  probability  of 
occurrence  (careen*.  of  y->ars)  can  be  calculated  and  f  v  results  analyzed.  There 
were  four  reservoirs  wish  specific  spawning  levels  *o  be  reached  by  April  15  to 
23;  l  n,  fur  iy,  Pol  eg  a  "a,  and  r.:,  i  b  i  gosh  i  sh .  The  four  plans  rank  (1)  low 
flow  because  it  maintains  a  minimum  flow  of  1600  cfs  at  Anoka,  (2)  present 
plan,  (3)  high  flow  plan,  and  (4)  nifural  flow  plan.  Ids  inn  all  three  factors 
the  auks  turn  out  about  tee  wo.  The  rain  advau' of  the  low  flew  plan  ovi.r 
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the  present  plan  is  that  the  low  flow  plan  maintains  a  minimum  discharge  of  1600 


r$  at  Anoka  (about  22  percent  of  average  flow)  and  that  the  scores  were  high  in 
all  four  reservoirs  with  spawning  recommendations . 


Getting  water  out  of  Leech  Lake  Reservoir  appears  to  be  a  problem  which 
needs  attention,  but  hew  the  dredged  materials  are  disposed  of  could  cause  some 
serious  environmental  problems  so  an  adequate  disposal  plan  should  be  developed. 
The  damage  curves  in  the  appendix  suggest  that  Leech  Lake  could  be  operated  0.6 
feet  higher  in  the  summer.  Lowering  the  summer  operating  level  0.6  feet  as  sug¬ 
gested  in  the  Governor's  letter  should  be  continued.  It  should  be  noted  that 
obstructions  similar  to  those  noted  in  Leech  Lake  occur  in  Pokegar.a  Reservoir 
at  the  outlet  of  the  61 ackwj ter-Goul d  lake  complex  and  at  the  outlet  of  Rokegana 
Lake.  The  work  at  I  ‘->ech  Lake  seems  pointless  if  the  Pokegsma  Reservoir  crobl  .  :s 
aren't  aleviated.  Per*'  *;'s  dredging  and/or  the  alternate  outlet  suggj-tod  under 


erosion  control  -:-l; 


should  be  considered 


the  stao?  2 


The  current  Leech  Lake  contract  study  indicate.)  that  the  1963  Pish  and 
Wildlife  recommendations  are  satisfactory.  On  page  110  a  different  plan  is 
suggested  for  managing  the  water  levels  on  Sandy.  The  question  is  how  would 
this  plan  effect  the  water  levels  reeded  for  spring  fish  spawning. 


In  general. 


adverse  effect  on  Poke o a- 


reservoirs.  The  present  plan  has  the  highest  adverse  effect  on  Sandy  and  the 
effect  is  not  as  groat  with  the  low  flow  plan. 


The  list  of  nodi ficdtioni  needed  were  as  follows: 

1.  A  dan  at  Day's  High  Landing  to  control  water  levels. 

The  decision  by  the  Corps  is  in  accord  with  the  current  views  of  the  Division 
of  Fish  and  Wildlife.  There  are  studies  on  file  s.oporting  this  view. 


2.  A  dam  below  Clack  Bear  and  Miller  Lakes  to  prevent  flooding. 

No  constants. 

3.  Fixing  the  perimeter  dikes  on  the  headwaters  reservoirs. 

He  have  no  objections  to  fixing  the  dikes. 

4.  Remove  channel  obstructions  on  the  Whitefish  chain  of  lakes. 

Where  large  flows  of  water  are  absent  it  might  be  difficult  to  keep  channels 
open.  A  channel  to  Sugar  Lake  adjacent  to  Winnibigoshish  filled  with  sand 
after  it  had  been  established. 

5.  Remove  restrictions  in  the  Leech  Lake  dam  inlet  channel. 

Establishing  a  better  outlet  channel  to  the  Leech  Lake  dam  seems  to  be 
necessary,  but  care  should  be  taken  where  the  spoil  is  placed.  Any 
proposed  disposal  site  should  be  approved  by  the  DNR. 

6.  Marsh  restoration  do-.. r, stream  from  Leech  Lake  dam. 

While  this  respiration  is  basically  a  good  project  it  does  not  appear  to 
be  practical  as  proposed. 

7.  Erosion  control  in  the  headwaters  reservoirs. 

Protecting  banks  from  erosion  is  always  a  good  idea.  Normally  rocks  or 
similar  devices  are  placed  on  the  banks  to  protect  them  from  excessive 
wave  action.  It  might  be  possible  to  break  the  force  of  the  waves  with 
an  artificial  rock  bar  parallel  to  eroding  banks.  This  could  be  placed 
in  water  2  to  4  feet  deep  with  the  top  about  a  foot  below  normal  summer 
water  levels  and  would  also  serve  as  habitat  for  fish  and  other  aquatic 
organisms.  Sandy  shallows  without  aquatic  plants  are  usually  unproductive. 

8.  Erosion  Control  downstream  from  Pokegana. 

Having  an  additional  outlet  at  the  eastern  tip  of  Pokegana  Lake  is  a  good 
idea,  but  the  gain  would  be  more  precise  control  of  water  levels  rather 
than  th°  erosion  control  as  suggested. 
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r$h  construction  in  Leech  Lake  reservoir. 

veloping  the  large  marshes  as  proposed  appears  to  be  impractical  at 
is  tine.  The  recent  study  suggests  additional  northern  pike  spawning 
?a  is  net  needed. 

f  these,  fixing  perimeter  dikes  and  removing  restrictions  in  the  Leech  Lake 
let  channel  were  considered  for  further  consideration  in  the  stage  three 
The  erosion  control  problem  in  the  headwaters  reservoirs  is  considered 
'  tee  operating  plan. 


Percent  of  Years  Reservoirs  Meet 
Fish  and  Game  Operating  Standards 


Reservoir 

Natural  Conditions 

Present 

Plan 

Low  Flow  Plan 

High  Flow 
Plan _ 

Leech 

38.4 

74.9 

74.9 

72.4 

Winnibigcshisb 

33.3 

68.9 

67.3 

30.4 

Pokoga.-a 

CO 

39.6 

40.7 

36.2 

Sandy 

-- 

37.8 

37.8 

14.0 

Pi  ne 

60.0 

100.0 

98.9 

100.0 

Cull 

20.0 

97.8 

95.6 

97.8 

X 

29.9 

69.8 

69.6 

58.4 

sx 

16.4 

27.1 

26.1 

36.7 

cv 

55 

39 

38 

63 

J 


State  of  Minnesota 
Water  Planning  Board 


;  o'  i'-f  chairman 


COO  AMERICAN  CENTER  -JUIUDING 
150  EAST  KELLOGG  UOULE/ARD 
SAINT  PALL,  MINNESOTA  3010! 
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February  5,  1980 


Colonel  William  W.  Badger 
District  Engineer 
Corps  of  Engineers 
1135  U.S.  Post  Office 
St.  Paul,  Minnesota  55101 

Dear  Colonel  Badger: 

I  appreciate  the  opportunity  to  review  your  Headwater  Lakes 
Study  Stage  2  Summary  Report.  Alchough  the  Water  Planning 
Board  has  no  direct  involvement  in  the  management  of  these 
lakes,  it  dees  have  authority  to  conduct  state-level  yatf r 
planning  and  to  coordinate  activities  of  state  agencies. 

You  should  be  aware  that  the  Water  Planning  Board  for  its 
.successor  after  July  1,  19S0)  is  intended  to  serve  as  a  forum 
for  devouring  unified  state  policies  among  state  water  manage¬ 
ment  agencies,  ana  can  provide  a  tcrum  for  review  of  your 
Stage  3  efforts.  Because  your  Stage  II  report  is  in  format  irr.a  i 
and  requests  comments  only  on  further  development  of  the  study, 

I  do  not  believe  Board  action  is  appropriate  at  this  time. 

However,  I  am  concerned  that  results  of  Stage  III  may  be  con¬ 
troversial  and  will  require  sufficient  analysis  to  thoroughly 
evaluate  the  economic  and  environmental  imnacts  ol  lew-flow 
augmentation  for  the  Twin  Cities.  I  believe  that  Stage  III 
should  attempt  to  quantify  r.  1 1  costs  and  benefits  associated 
with  the  loss /provision  of  water  supply  for  the  Twin  Cities 
(and  other  municipalities),  the  effects  of  a  "guarantee.'" 
low-flow  on  treatment  plant  operation  and  Mississippi  Lever 
water  quality,  and  the  resultant  effects  of  various  ;>u  mentation 
plans  on  the  use  of  the  headwater  lakes.  Such  information  is 
essential  for  state  agencies  to  evaluate  the  trade-offs  among 
optional  operating  plans. 

I  am  also  aware  that  "optimization"  techniques  can  be  used  to 
identify  optimal  reservoir  release  schemes,  if  the  system  con¬ 
straint';  and  cost  or  damage  functions  can  be  derived.  Does  the 
complexity  of  HEC-5C  rule  out  such  an  approach? 
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AN  EQUAL  OPPORTUNITY  EMPLOYER 


Colonel  William  W.  Badger 
February  5,  1980 
Page  Two 


Finally,  I  would  like  to  encourage  you  to  involve  our  state 
agencies  throughout  the  conduct  ol’  Stage  III.  This  could 
easily  be  arranged  through  meetings  of  the  V.'ater  Rlanning_ 
Board  and  should  facilitate  state  approval  of  a  release  plan 
If  desirable,  we  also  have  the  ability  to  form  "task  forces" 
of  representatives  of  concerned  state  agencies  to  assist  you 
Please  contact  Brandt  Richardson  (297-2376)  if  we  can  provid 
further  explanation  or  assistance. 

Again,  thank  you  for  the  opportunity  to  review  your  report. 


Sincerely , 


THOMAS  KALITOWSKI 
Chairman 


TK :  pm 

cc:  Gene  Hollenstein,  DNR 

Gary  Botzek,  Office  of  the  Governor 
Remit  McRae,  Office  of  the  Governor 
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Aitkin  Drainage  and  Conservancy  District 

AITKIN,  MINNESOTA 

February  15,  1980 


Mr.  Carl  Stephan,  Studv  Manager 

Corps  of  Engineers 

St .  Pan  I  District 

IT. S .  Post  Oil  ice  &  Custom  House 

St.  Paul,  MN  55101 

Dear  Mr.  Stephan: 

Re:  Aitkin  Drainage  &  Conservancy  District 

After  reviewing  the  Mississippi  River  Headwaters  Lakes 
Study,  Stage  2  Summary  Report,  dated  September  1979,  I  would 
like  to  make  the  following  comments: 

The  Flood  Control  Plan  for  Aitkin  (Alternative  &3) 
would  he  the  be »•  t  plan  of  operation  for  the  Aitkin  area. 

The  plan  suggests  that  some  flood  protection  for  Aitkin  is 
provided  bv  established  maximum  water  levels  that  can  be 
tolerated  by  lake  property  owners.  The  chart  on  page  35 
of  the  be  f  ore -iv.ent  i  oned  study  would  show  that  the  elevation 
of  the  legal  fl  outage  Limits  has  seldom  and  in  some 
instances  never  been  reached.  A  flood  control  plan  for 
Aitkin  where  the  full  legal  flowage  limits  were  exerei sod 
on  the  lakes  would  provide  for  Aitkin  additional  flood 
protect i on . 

The  operating  plan  comparison  on  page  89  of  the  Stage 
2  .Summary  gives  little  .applicable  information.  Losses 
incurred  bv  the  headwater  lakes  and  Aitkin  are  determined 
by  using  records  up  to  1  7  8  and  a  197  7  price  level.  The 

losses  at  Anoka  arc  determined  on  their  water  needs  of  the 
year  2015.  We  leei  that  the  damages  in  Aitkin  should 
ret  lect  the  enb  meed  value  >1  the  area  anti  that  the  operat¬ 
ing  plan  compari  .-.or..,  should  all  he  sot  in  the  same  time 
f  rami- . 


I  feel  Aitkin  Drainage  and  Conservancv  District  should 
again  present  here  the  posit; on  that  it  has  a  1  wavs  t  a ken 
sinci  construct  i  an  (>i  t  he  I  1  nod  control  channels.  When  tne 
reservoir  i  ikes  w*  re  created,  the  I’ni  ted  States  t  ook  flowage 
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Mr.  Carl  Stephan 
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February  1 5 , 1980 


easements  which  we  feel  should  be  fully  exercised  in  the 
regulation  of  wators  during  flood  periods.  If  the  reservoirs 
are  not  used  to  full  easement  capacity,  then  the  Aitkin 
area  is  being  denied  some  of  the  benefits  of  the  flood 
control  project.  That  was  not  the  contemplation  of  Congress 
when  the  funds  were  appropriated. 

On  the  other  hand,  we  recall  that  the  Corps  has 
responded  by  saying  that  the  reservoirs  were  originally 
designed  principally  for  navigation  rather  than  flood 
control.  Our  observation  on  that  is  that  the  navigation 
factor  is  minimal  while  flood  control  is  primary  and  always 
urgent.  When  the  present  operating  plan  and  curve  was  agreed 
upon  many  years  ago.  our  District  participated  fully  in 
those  discussions,  and  in  the  spirit  of  conciliation  and 
mutual  helpfulness  the  District  agreed  to  the  operating 
plan,  even  though  the  plan  did  not  contemplate  full  use  of 
the  easement  storage  capacity  in  the  reservoirs. 

Our  District  must  now,  therefore,  earnestly  object 
to  any  relaxation  cr  change  in  the  operating  plan  which 
would  work  to  the  benefit  of  the  reservoir  shore  owners 
and  against  the  owners  within  the  Drainage  District.  Be 
assured,  however,  that  we  are  always  mindful  of  the  needs 
and  concerns  of  our  shore  owner  neighbors  to  the  north. 
Please  include  us  in  all  discussions  of  reservoir  operations 
as  they  bear  upon  flood  dangers  in  the  Aitkin  area. 


Si ncerel y , 

Byt^on  Schlagel,  Jr., 
President 
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UNITED  STATES 

ENVIRONMENTAL  PROTECTION  AGENCY 
REGION  V 

230  SOUTH  DEARBORN  ST 
CHICAGO.  ILLINOIS  60G04 
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REPLY  TO  ATTENTION  OF 


Colonel  William  W.  Badger 
District  Engineer 

U.S.  Army  Engineer  District,  St.  Paul 
(J.S.  Post  Oft  ice  and  Custom  House 
St.  Paul,  Minnesota  55101 

Dear  Colonel  Badger: 

We  have  reviewed  the  Stage  2  Summary  Report  for  the  Mississippi  River  Headwaters 
Lakes  Study.  The  summary  report  has  provided  us  with  an  overview  of  the  pro¬ 
blems  and  possible  solutions  to  the  problems  identified  in  the  headwaters  lakes 
region  of  the  Mississippi  River.  We  have  no  specific  comments  on  the  Stage  2 
Report;  however,  the  following  comments  are  offered  for  your  consideration  dur¬ 
ing  the  Stage  3  study. 

Since  the  number  of  actions  to  be  considered  in  Stage  3  will  be  reduced  to  an 
analysis  of  the  headwaters  lakes  operating  plans,  we  recommend  that  detailed 
studies  be  conducted  to  quantify,  to  the  greatest  extent  possible,  the  effects 
of  the  alternative  operating  plans  on  water  quality  and  fish  and  wildlife  re¬ 
sources.  For  example,  during  development  o£  the  different  operating  plans,  the 
amount  of  aquatic  habitat  lost  or  created  d,  ring  different  times  of  the  year 
should  be  quantified.  If,  under  a  specific  operating  plan,  aquatic  habitat 
essential  for  fish  spawning  is  lost  during  the  breeding  season,  an  estimate  of 
the  potential  losses  to  the  fishery  should  be  made  and  the  associated  cost 
should  be  factored  into  the  bonefit/cost  ratio  for  that  operating  alternative. 

An  assessment  of  potential  changes  in  water  quality  within  and  downstream  of 
the  headwaters  lakes  under  each  alternative  should  also  be  made.  Any  adverse 
effects  on  water  quality  should  be  factored  into  the  benefit/c.ost  ratio  as  well. 

The  Stage  3  study  should  also  address  how  the  different  operating  alternatives 
will  interact  with  other  management  strategies  on  the  Mississippi  River.  At 
present,  a  land  treatment  alternative  and  several  mechanical /chemical  alter¬ 
natives  for  an  upgraded  and  expanded  sewage  treatment  lacility  at  Benidji, 
Minnesota  will  he  reviewed  in  an  E1S  being  prepared  by  the  Ei'A.  If  the  land 
treatment  alternative  is  selected  as  the  preferred  alternative,  the  effect  on 
operating  plans  of  the  reduction  of  approximately  i.5  MUD  Iron  the  existing 
point  source  should  he  evaluated.  Lake  one rating  plans  should  be  evaluated  in 
the  context  ef  the  Great  River  Environmental  Action  Team  (GREAT)  Studies,  tne 
develop:,  -nt  of  the  Upper  Mississippi  River  Master  Management  Flan,  and  what 
effect  each  plan  may  have  on  the  other  water  resources  problems  identified  in 
the  Stage  2  study,  but  not  recommended  for  study  in  Stage  3. 
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We  appreciate  the  opportunity  to  review  the  Stage  2  Summary  Report.  Please 
contact  Mr.  James  Hooper  of  my  staff  at  FTS  353-2307  concerning  these  comments 
or  if  there  is  any  need  to  coordinate  with  us  during  your  development  of  the 
Stage  3  studies. 

Sincerely  yours, 

Ronald  L.  Mustard,  Director 
Office  of  Environmental  Review 
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Mar.  lC.l^cO 


Commissioner  Alexander 
Dept,  of  Natural  Resources 

St.  Paul,  Mn.  55155 

Dear  Commissioner, 

?or  some  number  of  months  we  have  had  a  request  f roa  an  association  made 
up  of  land  owners  from  the  Black  Bear  -  Miller  La^e  area  in  Crow  Wing 

County  to  be  sponsors  for  a  dam  project  to  suppress  flood  waters  from 
the  Mississippi  River  inundating  their  homes  and  property.  The  Amy 

Corps  of  Engineers  have  offered  to  install  the  dan  at  no  expense  to 
them  but  they  insist  that  a  sponsor  is  necessary  before  they  will  start 

any  construction. 

As  there  will  be  seme  expense  in  the  naintainar.ee  of  this  dam  we  have 
not  made  any  committments  until  we  know  what  legal  rights  or  action  we 

must  take  to  commit  the  landowners  to  that  future  expense.  I  have  per¬ 
sonally  made  several  contacts  with  both  the  county  auditor  and  the 
assessor  and  have  suggested  to  the  association  members  that  this  is  the 
department  they  should  contact  but  one  of  their  members  from  St.  Paul 

has  made  several  inquiries  through  year  department  and  has  been  adviced 
to  have  us  follow  up  with  the  D'!B. 

Any  and  all  information  you  can  furnish  r.e  regarding  our  priorities  on 
remaining  neutral  in  the  matter  will  be  much  appreciated.  Urgency  has 
become  necessary  as  the  Corps  of  Engineers  have  set  a  deadline  for  raid 

construction,  y ay  I  hear  from  you  at  your  earliest  ccr.--enier.ee. 


Sincerely yourj^  . 

Jcr.r.  V.  Erick -.or,  Ch  ,i 


Star  Kt.  3,  C ; or.fcy,  vn.  56441 


Wolford  Township 


r 
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;  j  ,  r  STATE  OF 

\! »  i  M  [?*Q  [0  S  O  ru » 

t^DEPARTMENT  OF  NATURAL  RESOURCES 

CENTENNIAL  OFFICE  BUILDING  •  ST  PAUL,  MINNESOTA  •  55155 


OF  HCF  Of  THE 
COuwi-SIOnF  F? 
(612)  Tib  1549 


March  31  ,  1 930 


Mr.  John  W.  Erickson,  Chairman 
Wolford  Township  Board 
Star  Route  3 

Crosby,  Minnesota  56441 
Dear  Mr.  Erickson: 

In  reply  to  your  letter  of  March  16,  1980,  regarding  the  pro¬ 
posed  dam  project  involving  the  Black  Bear-Miller  Lake  area 
in  Crow  Wing  County,  the  following  information  is  furnished 
for  your  consideration. 

The  proposed  project  site  is  located  on  state  trust  fund 
lands  which  means  that  if  the  project  is  sponsored  by  a  local 
government  unit,  the  trust  fund  would  have  to  be  reimbursed 
in  order  to  provide  for  the  acquisition  of  property  rights  by 
the  local  sponsor.  If  the  acquisition  was  by  easement,  the 
local  sponsor  would  be  required  to  provide  90  percent  of  the 
assessed  valuation  of  the  lands  involved  in  order  to  reim¬ 
burse  the  state  trust  fund.  If  the  acquisition  would  be  by 
fee  title,  it  would  require  payment  of  the  total  assessed 
value  of  the  lands  involved  to  reimburse  the  trust  fund. 

The  U.S.  Corps  of  Engineers  has  indicated  that  the  Federal 
Government  could  pay  100  percent  of  the  estimated  $95 , 600 
first  cost  construction  if  the  project  is  constructed  under 
small  project  authority,  Section  205  of  the  1948  Flood  Con¬ 
trol  Act,  as  amended. 

The  local  sponsor  must  be  fully  authorized  under  state  laws 
to  give  assurances  of  local  cooperation  and  must  be  financial 
capable  of  fulfilling  all  required  measures  of  local  cooper. ■ 
tion.  Wolford  Township  should  review  existing  laws  of  the 
state  to  determine  if  the  town  has  the  necessary  legal  author 
ity . 
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AN  EQUAL.  OPPORTUNITY  EMPLOYER 


f-’. r.  John  Erickson 
Fug*-  2 

March  31,  1  9UO 


Federal  lav;  requires  that  the  local  sponsor  must  provide: 

].  All  lands,  east-menus  ,  rights -of  -way ,  utility  re  location:; 

and  alterations ,  and  hirjhv;ay  or  highway  bridge  construction 
and  alterations  necessary  for  project  construction. 

2.  Hold  and  save  the  U.S.  free  from  damage  due  to  construe',  ior. 
work  . 

3.  Maintain  and  operate  the  project  after  completion  without 
cost  to  the  U.S. 

4.  Assume  full  responsibility  for  all  project  costs  in  excess 
of  the  Federal  cost  limitation. 

5.  Prevent  future  encroachment  which  might  interfere  with 
proper  functions  of  the  project  for  flood  control. 

6.  Provide  a  contribution  toward  construction  costs  where 
special  local  benefits  will  accrue. 

7.  Provide  a  cash  contribution  for  project  costs  assigned  to 
project  features  other  than  flood  control. 


The  U.S.  Corps  of  Engineers’  estimate  of  the  annual  operation 
and  maintenance  is  $800.00  per  year  as  provided  by  the  Corps 
at  a  June  15,  1979  meeting  in  Crosby,  Minnesota. 


’•  ’  • suggested  that  Wolford  Township  carefully  review  the 

■  *  ''  PM  r  e:n>-n  ts  and  if  the  Township  determines  it.  has 

■  1  ’’  * '  ■  ‘  I  • » 1  authority  and  the  financial  capability  to 

"  1  'ability  for  the  project,  the  PUR  will  be  pleased 

••  t  k  with  the  township  and  the  Corps  of  Engineers  in  fur l he t 
■  cn  the  project  . 

j-  you  have  any  further  questions  regarding  this  matter,  please 
...•I  free  to  contact  Gene  Hollenstein,  Chief  Hydrologist  of  *  he 
!  - 1  i,  i  on  of  Waters,  Space  Center  Building,  444  bafayetle  Road, 
Sl  ’  PtJul*  Minnesota  55105,  phone  (612)  290-0436. 


Joseph  U .  Alexander 
Commi  r.n  i  oner 


Senator  Rued 

Represent  at  ive  Marlin  Li.  No]  sen 

Co  I  on.  1  fi  id.  j,  ■  ,•  K-57 
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ALFRED  .'EMBlRTON  SECRETARY  TREASURER 
IAM6S  MICHAUD  OISTRICT  I  REPR ESENTATIVE 


HARTLEY  WHITE.  CHAIRMAN 
ROGER  T  AITAEN.  EXECUTIVE  DIRECTOR 
CAP  PROGRAMS 


NAOINE  CHASE.  DISTRICT  II  REPRESENTATIVE 
CHARLES  RAlSCH.  DISTRICT  III  REPRESENTATIVE 


LEECH  LAKE  RESERVATION 

BUSINESS  COMMITTEE 

BOX  308  •  CASS  LAKE.  MINNESOTA  56633 
216-335-2207 

June  26,  1980 


Col.  Mm.  W.  Badger,  District  Engineer 
Department  of  the  Army 
St.  Paul  District,  Corps  of  Engineers 
1135  U.S.  Post  Office  and  Custom  House 
St.  Paul ,  MN  55101 

Dear  Col .  Badger : 

Reference  is  made  to  the  letter  of  April  30,  1980  from  Mr.  Kowalski 
regarding  the  Mississippi  Headwaters  Lakes  Study.  We  have  spent  a  good 
deal  of  time  and  energy  attempting  to  work  within  the  framework  of  this 
study  to  see  that  no  further  damage  is  done  to  our  tribal  homeland  by 
these  dams.  Apparently  our  efforts  have  been  in  vain,  since  the  Corps 
of  Engineers  has  taken  little  notice  of  the  Leech  Lake  Reservation  in 
its  study. 

The  inherent  quasi-sovereign  status  of  Indian  tribes  is  a  matter  which 
lay  dormant  for  many  years  while  others  handled  our  affairs- for  us. 

The  Corps  of  Engineers  is  not  the  only  entity  which  has  been  slow  to 
recognize  the  existence  and  viability  of  our  unique  legal  status. 

There  are  three  major  points  of  which  the  Corps  should  be  cognizant: 

1)  The  United  States  is  the  legal  trustee  of  the  Indian  tribal  estate. 

2)  The  legal  nature  of  any  trust  relationship  is  characterized  by  the 
principle  thctthe  administrator  of  a  trust  (the  fiduciary)  must, 
in  discharging  his  duties,  subjugate  his  own  interests  to  those 

of  the  beneficiary.  The  conduct  of  the  executive  branch  in  deal¬ 
ing  with  the  Indian  trust  estate  must  conform  to  the  highest 
fiduciary  standards.  The  preservation  of  the  integrity  of  the 
trust  estate  must,  in  many  cases,  take  precedence  over  the  wel¬ 
fare  of  the  general  public,  thus  rendering  the  'greatest  good 
for  the  greatest  number'  theory  inoperative  when  viewed  in  the 
context  of  the  federal -Indian  trust  relationship. 

3)  The  trust  estate  of  the  Leech  Lake  Band  of  Chippewa  Indians  is 
not  limited  to  its  diminished  land  holdings.  The  Band  also 
possesses  legitimate  ownership  interests  in  the  fish,  game, 

wild  rice  and  other  harvestable  resources  within  the  Reservation. 

In  addition,  although  unquantified  at  present,  the  Tribe  undoubt- 
ably  possesses  ownership  interests  in  the  water  resource  of  the 
Reservation.  All  of  these  'properties'  are  included  in  the 
Indian  trust  estate  and  come  under  the  trusteeship  of  the  United 
States  government. 


Col.  Uni .  W.  Badger 
June  26,  1980 
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We  realize  that  the  general  public  does  not  readily  comprehend  or  accept 
these  fundamental  tenets  of  the  federal -Indian  trust  relationship.  We 
are  also  aware  of  the  fact  that  the  Corps  of  Engineers  is  directed  in 
large  part  by  the  wishes  of  the  public.  Nevertheless,  it  is  the  duty  of 
the  Corps  of  Engineers,  as  well  as  all  other  U.S.  executive  agencies,  to 
perform  within  a  framework  which  accords  all  due  consideration  to  the 
federal  government's  obligations  as  trustee  of  the  Indian  tribal  estate. 
The  fact  that  this  duty  has  commonly  been  neglected  in  the  past  provides 
no  justification  for  continued  neglect  in  the  present. 

A  little  history  may  be  in  order  at  this  point  to  provide  perspective 
to  the  issues  surrounding  the  headwaters  dams.  Leech  Lake  and  Winnibi- 
goshish  Dams  are  both  located  within  the  Leech  Lake  Indian  Reservation 
and,  therefore,  the  involvement  of  our  tribal  leaders  with  these  dams 
goes  back  to  their  very  beginnings,  100  years  aqo.  Our  leaders  vigorously 
and  vocally  opposed  the  construction  of  these  dams  at  that  time.  In 
spite  of  our  protests,  the  Congress  of  the  United  States,  which  is  the 
only  body  vested  with  the  authority  to  undertake  actions  which  are  con¬ 
trary  to  the  Indians'  best  interests,  proceeded  to  authorize  the  project. 

The  ensuing  damages  were  severe  and  the  question  of  compensation  for  these 
damages  was  to  complicate  affairs  between  the  Leech  Lake  Band  of  Chippewa 
and  the  !J.S.  government  for  a  number  of  years.  Originally,  the  govern¬ 
ment  agreed  to  pay  a  large,  though  inadequate  sum  of  money  annually  in 
perpetuity.  However,  Congress  failed  to  appropriate  funds  for  this  pur¬ 
pose.  The  matter  was  'settled'  some  years  later  when  a  hand-picked  group 
of  'friendlies'  accepted  a  lump  sum  payment.  Although  our  lands  have 
completed  their  adaptation  to  the  altered  conditions,  the  feelings  of 
our  people  remain  unchanged  toward  this  intrusion  of  the  United  States 
government  upon  our  homeland. 

The  authorized  purpose  of  these  dams  was  to  aid  in  navigation  on  the 
Upper  Mississippi  River.  Many  years  ago,  additional  structures  were 
built  downstream  which  rendered  the  headwaters  dams  useless  for  their 
intended  purpose.  In  the  1 94 C ' s ,  general  purpose  legislation,  such  as 
tne  Flood  Control  Act  of  1944  (p.l.  78-534).  was  applied  to  the  oper¬ 
ation  cf  the  headwaters  dams,  bolstering  slightly  the  marginal  justif¬ 
ication  for  their  existence. 

All  in  all,  it  must  be  agreed  that  the  operation  of  these  dams  has 
proven  to  be  little  more  than  an  on-going  expense  to  the  U.S.  taxpayer. 

As  superfluous  as  these  dams  are,  it  would  clearly  be  unfeasiDle  to 
discontinue  operation  or  to  demolish  them  due  to  the  negative  environ¬ 
mental  impacts  which  would  sjrely  ensue. 


.  Urn .  V!.  Badger 
e  26,  1920 
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row,  still  searching  for  a  mission,  the  Corps  of  Engineers  has 
empted  its  recently  de-funded  'Mississippi  Headwaters  Lakes  Study', 
s  study  has  been  investigating  the  potential  for  using  these  waters 
purposes  which  are  not  presently  authorized  by  Congress. 

■  our  part,  we  feel  that  we  have  erred  by  attempting  to  participate 
this  study.  It  has  proven  to  be  a  most  sorry  vehicle  for  the  assert- 

1  of  our  rights  and  the  protection  of  our  trust  estate.  We  will 
jorously  oppose,  in  the  federal  courts  if  necessary,  the  introduction 
any  new  function  for  these  dams  which  presents  a  potential  threat  to 
•  trust  estate. 

2  government  of  the  Leech  Lake  Indian  Reservation  feels  very  strong- 
that  this  study  should  be  permanent! y  and  finally  terminated  at  this 

int.  We  furt.oer  fee!  that  authorization  should  be  revoked  for  the 
“ration  of  dams  within  our  Reservation  to  aid  in  navigation  and  flood 
itrol ,  for  which  they  are  of  negligible  utility. 

r  feeling  is  that  the  highest  and  best  use  of  these  dams,  the  only 
fensible  purpose  for  them,  is  to  conserve  and  enhance  the  magnif- 
ant  headwaters  environment  which  they  devastated  a  century  ago. 
coing  this  the  U.S.  government  would  rectify  a  cast  wrong  and 
uly  fulfill  it:  trust  obligations  to  the  Chippewa  Indians  of  the 
eco  Lake  Reservation. 

ese  comments  will  be  orocessed  through  appropriate  federal  channels 
r  further  comment.  We  trust  that  you  will  give  this  matter  care- 
'■  consideration  and  we  welcome  any  comments  which  you  may  have. 


Sincerely , 


<2V  U-4 


Hartley  White,  Chairman 
LEECH  LAKE  INDIAN  RESERVATION 


i  -no 


14  July  193 J 


-,i.  ....rciey  white 
C.m it-  m 

Leech  Lake  -ieservatiou  business  Cowaittee 

.  3  )“j 

dnn«  Like,  'Minnesota  56633 


"wr  vr.  uiite: 

is  is  in  resionsa  to  your  26  .June  19?>3  latter  commentin,.  on  our  Mississippi 
ij»r  :  .ea.' voters  study  . 

.f!  appreciate  receiving  your  candid  comfi*}nt8  conccmir;;  the  Leech  Luu.cs  Reservation's 
>u«  it  lent  on  the  regulation  of  the  six  Mississippi  Liver  headwaters  Lakes,  'four 
co'  e:.ts  of  course  are  '.ost  specifically  related  to  '.’innibi^oshish  and  Leech  Lakes, 
wnicn  lie  within  the  Leecn  Luke  Reservation  boundary.  We  believe  we  should  elaborate 
w'i  tncHc  sm  issues  as  they  relate  to  the  Corp3  of  La~i;ie«rs.  The  follovin:  co.rctts 
<*rt  provided  to  serve  this  purpose. 

Lie  Corns  uandete  for  development  and  rep,ulatiny,  the  six  Mississippi  River  ueadwaters 
..  and  for  conduct!:;,'  tnc  current  Mississippi  River  headwaters  study  derives  Crou 
i’Ki. a  usnional  sets.  CoiiKteas  authorized  construction  of  tnc  headwaters  luxes  dams 
'ey  c  it  14  June  1880  and  2  August  1332  Rivers  and  Harbors  Acts  and,  in  I'JSd,  directed 
Lae  L-ecretary  cf  War  to  satablisu  regulations  ,ov?rnin;,  control  of  water  levels  arta 
discharges.  The  authority  for  the  present  Mississippi  River  headwaters  studv  is 
containeu  in  A  7  June  1945  resolution  by  the  Cor-r-xttee  on  divers  and  harbors  of  the 
.  vj^c  of  Representatives .  The  resolution  reads: 

n*»s»p] ved  by  the  Cor-wittet*  of  divers  and  harbors  of  tue  house  of  Representatives , 
United  Jtatea,  That  the  hoard  of  Ln"iaeer3  for  Rivers  uni  harbors  be,  and  is 
hereby,  requested  to  review  the  reports  on  Miss ins inpi  River  above  Coon  Rapids 
Hui  near  1  inueaiKilis ,  Minnesota,  eubt.itte.;  in  douse  Pociusont  numbered  66, 
hevanty-tr, ird  Comress,  first  session,  and  previous  reports,  with  a  view  to 
d- ter,  Inin.,  if  any  vilifications  of  previous  rue o- a'. a t io n s  with  respect  to 
•  -  tin..,  #l.*o  i  control,  a  i.  othc-T  n.,r noses  nro  advisable  at  th-'s  riT"«», 

:  1 -lhir...  consideration  rf  the  oyeration  of  to.:  existin',  he  i  ivr.ters  reservoirs 
i>r  hr  to  obtain  the  'mutest  possible  benefits  to  all  a'fe.ctcd  interest*:. 
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14  July  19°9 


Th— l  J 

.:r.  ,<rtloy  rt.iite 

->.ecitic  study  efforts  io  response  to  the  19h5  resolution  neve  be«u  sporadic  end 
usually  addressed  special  problea  areas  such  as  a  possible  aa.*  to  control 
ubitc  iuk  Lake  (near  bays  ul^n  Landing)  and  evaluating  nydrolo.;ic  relationships 
jilv.fo  o ».«•..  aca  and  bandy  Lakes  and  the  Mississippi  aI  vot  at  tue  city  of  Aitkin, 
Minnesota.  Studies  were  generally  lioitsd  by  available  funding  under  the  1945 
authority. 

A.i«*  current  study  effort  raceived  funding  la  fiscal  ye-r  1 1‘ 7 1  and  In  each  subsequent 
year  to  date,  lue  study  proceeded  fro«  an  initial  public  vaeetirti  neld  In  Grand 
’dpiJs,  Minnesota,  on  15  December  1976  and  fron  a  plan  of  study  published  in  January 
1977  (state  1  report/,  Preliminary  atudy  results  were  documented  in  a  draft  pre¬ 
liminary  stai.e  2  report,  dated  February  19  72,  and  it  a  second  sta*;e  2  report  csted 
beptenbvr  1979.  All  three  reports  wars  circulated  for  review  and  cocnent,  but  only 
the  Cop  terr.ber  1979  report  contained  praliriniiry  study  results  of  the  lake  repulatlnr 
plan  evaluations. 

Toe  headwaters  study  is  now  in  sta^s  3.  Tnts  sta;..«  of  study  will  allow  expansion 
n!  the  worl.  discussed  In  the  stape  1  and  2  renerts  an!  aviiuntioc  of  additional 
re.  al.itln/  plans  Sucn  as  a  "conser vati on  plan'1  involvln.’,  beech  Lake,  as  discussed 
iu  cue  lr.  and  16  January  1930  tribal  and  bureau  of  Indian  Affair*  letters  coi-wntioi 
1  r  7  rsi’crt. 

’  n fur tuuately ,  manpower  constraints  have  cot  allowed  U9  to  continue  detailed  hydraulic 
wor.  u.i  tut  study  or  to  lake  the  corrections  needed  to  lcprove  computer  pro^ran 
ift  .oriance.  -As  s  result,  no  additional  redulatinr,  nlans  have  been  evaluated  since 
p:  >.  ./urjtiou  of  Ue  Scptar-ber  1979  report,  diL  study  progress  has  been  United.  Con¬ 
tact  uas  oeec  ewintalned  with  study  participants  (includin',  the  Leach  Lake  Tribe), 

.....i  c..o  principal  l'JnO  atuJy  work  effort  has  focused  on  iavelopinn  e  drought  plan 
of  action  for  the  cities  of  St.  Paul  and  ’'.Inneapclis .  T.tis  plan  of  action  e.Tph^aiaes 
w..ter  conservation  practices  such  as  alternate  supply  sources,  s.r ir.alln,,  h-.is,  si. d 
reduction  el  water  losses  ami  consumption.  Additional  study  effort  will  depend  on 
future  fuadinv,  and  available  rtanpower  constraints. 

>*t*  that  the  study  has  not  been  conprehensive  enough  and,  specifically,  ha*  not 

8* rv’ lo-.ed  tac  conservation  plan  evaluation  requested  bv  the  tribe.  Tie  %e'<tenhcr 
1979  report  was  a  Imply  a  sirwairy  of  work  done  to  date  on  the  four  on»r.it  in;  ,-lsns 
thnt  vers  to  be  uaed  as  a  fra>..e  of  reference  for  futber  evaluation,  he  also  apree 
t!  it  the  Mississippi  Fiver  dea. '.waters  study  has  not  been  a  vehicle  for  nssertirt- 
Indlaa  rights.  The  matter  of  Indian  rights  f alls  under  Che  jurisdiction  of  Con press 
..ad  tnc  Federal  Courts,  and  our  atudy  deals  only  with  the  costs  .ind  benefits  of 
possible  watar  resource  alternatives. 

:  .  i.u*  .fitter  of  lake  regulation,  the  Corps  of  Lupiaeers  is  directed  by  Deoartrasut 
<•’  re  illations  (formerly  the  'hr  hopcrtivcnt?  thnt  w rrn  .Authorised  by  Con  -res*. 

.  re, .-illations  are  broad  and  provide  tno  -iocriet  .  n.;ineer  with  considerable 

:  legibility  in  control  of  Che  Mississippi  r.iver  .ic-idwutcrn  Lakes.  In  keepir. .  vitr. 

/  i  legibility,  the  Corns  of  n pincers  has  ro  ul.itci  the  3i'-  headwaters  lakes  to 
■  ou«tc  '’ublic  (Includln  Leech  Lake  Tribe)  interests  within  t:.n  l.iko  iiuvs.r 
:  .  .*  ■  purchase  1  in  t rs«  l'.<  * s . 

2 


i;-b2 


14  July  1930 


••.runs  lb  lilt*  oi  the  ut,  haul  District  to 
•  .  2  •>!*  *  t  je  be i  ru.itt.ra  reservoirs.  The  Corps  of 
•  i  'ii  istri^l,  r.ave  not  brer,  askel  to  review  or  deterr.ine 

rt'r  .  i.ats  hvM  by  Llia  Chippewa  iriee.  Although  you  persuasively 
’*  ..tie  ra,.a-.1ir>  .  watet  rl,.jtu,  the  Ct.  faul  District  offers  no 

I ;  .  n  [lils  « t  ter. 

Uiut  o^i  i.,ts  uot  l.i.i-rei  the  voice  of  the  Leech  Lake 

rti  ii-s»i  titlvtk  ’isvc  jet  vita  t  rib  tl  officials  to  discuss  study 
.  -  •  r  of  i‘:  rt  Juri.:,,  the  course  of  the  studv.  The 

<.  ..  or  si  ,j.:'  iv>.J  idtef  to  the  .isservatlort  Business  Cottilttee 

..i  .  rl.v.l  >;  i 'it e rest  in  tribal  concerns  for  operation  of  Leech 
.!«.«■  .o  assure  you  tuat ,  even  1  lu«  list  iasipoi  Kiver  headwaters 
•  i  .  ■  ■  t  1 . .  ,e.  ,  v,,.ir  .’A  Cure  i L'tter  will  be  included  in  the  teruinste- 
, •  m  j  ui.i*  .» 1 1 v  tuture  work  involvin',  headwaters  lakes  rcjulatin 


.  . .  ii  i  ti.  Ci.  an  .rft.u  ait.i  wr.  ~.l  Pair  bunks 

.1  i  • :  .  ti  <-  .in..'  ‘  or-t.it  for  a  Leach  Lake 

;  .  .  ...ri.t,i„.  .  ru  ;  reee-.t  tel  op.i.t.K*  convors.it  ions  vita 

*.  .t  .  .  -i’v*-  .  .  ...'u  •  •  t cec.i  bake  1  r ibal  hoard  ana 

. v  .  i.  '.i-  i  r.is  oi  i,  ii. i ti  '.eajruhiu.  Ctudy  .•ci.ia.,cr 

.  <■  '  7  .•  4  12  i  will  contact  youi  office  to  arrange  a  convenient  date 

'  *.  .1 C  et  rl  •  • , 


mi. liam 

Colonel,  Corns  of  Cnvinears 
District  .  :i  ,  .ineer 
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218  235  2207 

September  24,  1930 


Dept  of  the  Army 
St.  Paul  District 
Corps  of  Engineers 

1135  U.S.  Post  Office  &  Custom  House 
St.  Paul,  Minnesota  55101 

ATTN:  Lt.  Col.  Stephen  Draper 

Dear  Colonel  Draper: 

This  is  to  sumr.ar i ze  our  understanding  of  the  topics  which  were  discussed 
at  tine  17  September  1S30  meeting  between  yourself,  members  of  your  staff, 
and  Leech  Labe  Reservation  representatives  Ed  Fairbanks  and  John  Lcftus. 

Major  points  of  discussion  included  the  following: 

1.)  Contro]_  of  Late  Levels:  Hater  levels  in  the  Mississippi  Headwaters 
Pc  servo  irf»  are  presently  subject  to  change  through  the  feint  author¬ 
ization  cf  the  District  Engineer  and  the  Governor  of  Minnesota,  "he 
Tribe  is  of  the  opinion  Miat  the  present  system  fails  to  address  it? 
vested  rights  in  the  waters  and  related  resources  of  the  Mississippi 
River  and  does  not  provide  a  fra  newer!  within  which  the  federal  gr.  em 
Rient  can  udee.ua  tel  y  disc  ha  roe  its  duties  as  guardian  of  the  Indian 
tr.  st  estate.  In  order  to  rectify  this  situation,  it  ..as  n-'oroscc 
that  the  possibility  of  a  tri-agency  agreement  be  exploded,  the  three- 
parties  being  the  Corps  of  Engineers,  the  State  of  Minnesota  arc 
either  the  Tribe  itself  or  the  Secretary  of  the  Interior.  It  was 
agreed  upon  by  loth  parties  oresent  at  the  17  Scoter, ter  meeting  that 
this  concept  rents  further  study. 
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Colonel  Stephen  Draper 
24  September  1980 
Page  Two 


It  was  agreed  that  additional  studies  would  be  necessary  in  order  to 
evaluate  the  effects  of  various  operating  plans  on  the  trust  estate 
of  the  Leech  Lake  Band  of  Chippev/a.  Also  discussed  was  the  desire 
of  the  Tribe  to  see  -the  Corps  of  Engineers  develop  an  additional 
alternate  plan,  which  has  been  referred  to  as  the  ‘Conservation 
Plan'.  This  plan  would  be  geared  toward  optimizing  the  production 
of  natural  resources  which  are  native  to  the  Headwaters  Lakes,  the 
Mississippi  River  and  adjacent  areas. 

The  necessary  studies  would  include,  but  not  be  limited  to,  analyses 
of  the  effects  of  various  flow  regimes  on  the  following: 

a)  the  annual  yield  of  wild  rice; 

b)  fish  habitat  and  propagation  areas; 

c)  habitat  of  fur-bearing  animals  and  waterfowl; 

d)  cranberry  bogs  and  other  related  resources; 

e)  the  economic  impacts  of  all  of  the  above  on  the  Leech  Lake  Band 
of  Chippewa. 

Both  parties  to  the  17  September  meeting  expressed  qualified  support 
for  the  foregoing  concept  and  agreed  to  proceed  with  further  invest- 
agation  of  the  matter. 

3. )  The  Tribal  representatives  recommended  that  an  Indian  Liaison  position 

be  established  at  the  St.  Paul  District  Office  in  order  to  ensure 
continuity  in  the  relationship  between  the  Corps  of  Engineers  and 
the  federally-recognized  Indian  tribes  within  the  District.  The  Corps 
of  Engineers  will  take  this  matter  under  advisement. 

4. )  The  possibility  of  the  Corps  of  Engineers  working  with  Indian  youth 

through  career  presentations  at  local  schools,  the  development  cf 
summer  internship  programs  and  similar  efforts  was  discussed.  Sue n 
projects  are  well  within  the  scope  of  the  Corps  of  Engineers'  funct¬ 
ions  and  it  was  agreed  that  planning  for  such  programs  should  commence 
as  soon  as  possible. 

The  above  constitutes  our  recollection  of  what  was,  in  our  opinion,  a  most 
meaningful  dialogue.  If  you  feel  that  the  substance  of  the  discussion  is 
not  adequately  reflected  in  this  memo,  please  do  not  hesitate  to  comact 
us.  We  hope  that  through  our  common  efforts  we  will  be  able  to  establish, 
the  viable  government-to-government  relationship  which  has  been  lackinr 
in  the  past  and  is  so  vital  to  the  future. 

Sincerely,  . 

&d^<?  t-C***-  ■  . 

Hartley  White,  Chairman 
LEECH  LAKE  INDIAN  RESERVATION 

CC:  R.W.  Mayotte,  Supt. ,  MW  Agency,  B I A  |_6^ 
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0  latter  su'/sunrisei  tlit  points  of  discussion  .it  our  recent 


-.si  -  i  x. ;  i  a«u.bi  bu'i:uu.-8a  >-u.  oi  c.:;ni3Sion  .it  our  race 3 

ee  :ir  ~  tel  it.  veil*  i:ff»wvcr,  I  vish  to  respond  to  your  «ointn  to  insure  tint 
ot.i  of  us  urn  la  a.'.roe  .*i::c  an  to  our  respective  positioa.c.  in  n'.lic.ioa,  I 
•cult  11'.. e  to  su-t/ arise  our  uudors  tandir.p  cf  rvutir  ~r  Meld  hctvae.i  individuals 
vear  or- cnir-ntiou  uaJ  individuals  iron  our  office  sine/:  that  ti~n. 


•  ir: 

i:  o 
role 

X.  A  v  .  ■ 

/•tin 
fo  r,i 
tve*; 
loin 

.  JVC 


r-ffiiir-itioa  oaJ  individuals  frou  our  office  nine/:  that  tine. 

t,  ir.  r .x-.nrt  to  vour  24  rJeotcrsher  letter,  the  follwrin?  clarifications  arc 
r-;r.  In  your  discussion  of  "control  of  lake  levels,"  the  State  of  ’limie soto's 
in  o'/ornt Jon  cf  the  six  aaadvaters  lakes  my  be  overstated.  Minnesota  Statutes 
•17  to  11C. 5/  appear  to  jriv«s  the  State  and  tie  Corea  of  .har.isxsrs  Joint  oner- 


in  regard  to  the  he?.h/.»tars  like: 


,o  'ever,  '.ion "res a  nor.  liver  ti.c 


i  solo  authority  to  operate  tuieue  lakes.  ro  coonorative  a-roe-mt  cniuta  he- 
i  the  Co*r is  nicuer  of  the  l-epurtnronc  of  intural  Me sources  aid  the  Corns  for 
.  >'tsu«r:«i  aid  State  control  of  the  lakes.  In  actual  practice,  tin:  Corps  does 
a  •■'.raat  d.4al  of  consideration  to  the  State’s  reco  iundationn  concerning  the 
./iters  lakes  operation.  For  example,  the  fo  urisnioncr  of  tiro  boparr-tout  of 


,/r.i  o/i/j.ircrs  speaks  for  toe  State  of  ’ hna.-.aota  an 


rrotoctor  or 


1  nr  1 
Cl:.! 


life  auu  ot/ur  enviroantutal  concerns.  Present  lau<:  Oicrutinr  plans  closely 
o.l:  ntu  or.ur.itin"  liiits  .tv;  flow?  recom-uidc;:  by  '.ii'i-sotn.  Thin  in  part leu- 
y  tr  ie:  in  re-  nr.,  to  rdnir.u’i  flow  rales  be :i  to  sustain  dovuctroam  fisheries  and 
r  wildlife  uchltat* 


ii  dlcrly,  a  request  fron  the  Governor  of  Minnesota  for  low  floe  releases  froic  trio 
•  l  -  d-.-.-;tcr.»  lakes  during  drou' at  conditions  would  ha  considered  by  the  Corps, 

fa-  r .cat  r.ipht  not  he  irspleseateJ,  depend  la  ri  on.  several  factors  w, licit  includes 
:/o  .a aev.-rso  effect:,  on  the  sit  la.<es,  ti*a  «*?-ch  '.rihr,  at...  tp.c  la.'...  rosi- 

t . ;  tat:  si.Aju.at  of  flow  requested:  other  cjasarvation  o-.ns ur;c  available  to  dc*.*r.- 
fitr.T  i  •  to  rests;  possible  length  of  nrou'ht;  and  tm  Bortourr.ivs-.  of  the  situation. 
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rs  beconber  loso 


.  r.  hartley  nuite 

l.i  response  to  your  second  paragraph  on  til#1  iiisst.»ai.'pi  River  Headwaters 

study,  I  think  Boric  discussion  is  necessary.  Firnt,  with  regard  tc  your  Eta Le¬ 
vant  that  ti»2  assessment  of  costs  and  benefits  is  subject  to  considerable  ua-iipu- 
latioa,  let  me  assure  you  that  our  economic  analysis  is  performed  using  irnide- 
lines  reco-araecied  by  the  'J.C,.  Water  Resources  Council  and  incorporates  widely 
accepted  methods  of  benefit  analysis.  Because  tiie  susr-.ary  data  ic  the  only 
portion  of  tue  analysis  publishad,  it  may  seen  to  an  outside  observer  that  the 
economic  analysis  is  a  “black  box."  Ill  results  are,  however,  explained  in 
greater  detail  in  our  working  papers. 

You  also  rentloned  in  tnat  paragraph  that  tha  Tribe  does  not  feel  it  is  appro¬ 
priate  to  use  the  benefit-cost  ratio  in  de c is ior*— nak in  ” .  The  benefit-cost  ratio 
concept  has  been,  and  continues  to  be.,  the  primary  *xums  for  us  to  detemina 
which  alternatives  provide  the  best  use  of  Federal  dollars.  The  Headwaters  Lakes 
Rtudy  ia  no/  at  that  stage.  However,  when  we  reach  the  stage  where  the  District 
Engineer  is  prepared  to  cake  a  recommendation  to  send  forward  to  Conrre9s,  that 
rccoLCiocdaticn  cost  take  into  account  a  nurabor  of  other  impacts.  To  vci-h  these 
i:ipact3,  we  nerfom  a  number  of  specific  analyses,  iacludiuc  a  .ational  "eorionic 
bevalopnent  analysis,  a  Regional  i/evelopnent  analysis,  an  'davironu.eat.al  piality 
Auscst-wat  of  all  the  alternatives,  and  an  analysis  of  other  social  effects.  -n 
vc  are  ready  to  corrplete  our  report  and  our  recomnendationa,  we  circulate  our  pro¬ 
poned  draft  Ca  a  ncr.be r  of  people  and  agencies  so  they  Juvo  nr.  opportunity  to 
concoct.  Their  views  arc  incorpora tad  in  our  final  roconueadatioua.  Ultinatcly, 
of  cour«c.  Congress  makes  tha  final  decisions.  The  point  of  this  dicussion  is  to 
assure  you  that  the  benefit-coat  ratio  will  not  be  tire  aola  consideration  in  o<-r 
reco in.tand a tlous  on  the  Mississippi  Headwaters  Lakes  Study. 

You  also  indicated  in  iten  2  that  additional  studies  wore  necessary  to  netcr-iina 
t:ic  economic  kata  base  for  tna  Leach  Lake  bank.  1  believe  that  during  tlie  lw 
Lopteinber  rveetiue  and  at  later  meetings  we  agreed  that  wo  would  pursue  3  joint 
venture  between  the  Corps  of  Zugineers  and  tin*  Leech.  Lake  Land  to  develop  that 
data.  Tiiat  still  stands  in  our  minds,  and  our  economist  has  been  in  touch  with 
tile*  appropriate  people  working  for  your  comictae  to  develop  a  methodology  to  get 
tha  data  base  we  need. 

Your  ite:>  d  reiterates  your  recommendation  that  an  Indian  liaison  position  bo 
established  at  too  Ct.  Haul  district  Office.  T.int  position  hnn  bee;-,  established 
ic  the  iiorth  Central  DiviBion,  our  next  higher  headquarters.  h’e  Invc  been  in 
contact  with  the  individual  deaiguated  as  the  Indian  Liaison  officer  to  establish 
the  scope  and  pararv*ters  within  which  such  an  Indian  Liaison  Officer  should  vorb 
in  thic  district.  When  wc  received  the  response,  which  a’xmld  bo  soon,  vc  shall 
taka  the  necessary  action  to  establish  /oral  li-niro-:  co  * ••.c.icatio  is  between  vour 
CO'-; :o  am*  this  ''Ictrict. 
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in  regard  to  o*ir  discussion  about  tUla  /istrict  beconlny,  involve-;',  in  work-in*: 
rich  ti  .•  Indian  ocr.oole  at  Lescu  bake  throu.pa  earner  nroeent-i cioris  and  £,w»cini 
c  nioyii'nc  prc.-rctir,  as  rrontioned  in  your  fourth  iton,  uo  would  la  rest  an  per 
to  i-*:  in  planning  these  proprams  with  you.  I  have  asked  Xa.  Sharon  drovn,  our 
dquai  'hnploy.^jut  Onoortuaity  Officer,  to  contact  you  by  taiepltona  uet'ore  15 
.x:ue:. ..or  so  that  Cue  two  of  you  can  set  a  Jots  for  her  to  visit  with  you  and 
r_;ke  tre  necrsscry  arran parents,  idcr  telephone  nur.bor  in  (Oil)  725-7ddi. 

Thv  r.-etir.y  we  held  with  uunbors  of  the  coixnittee.  on  25  2nd  26  September  can  L>a 
sur.r_.a rized  very  simply,  itoea  ve  arrived,  we  provided  your  representative  with 
coulee  of  the  type  of  econo- ic  information  that  we  need  to  include  in  our  study, 
lurin-  our  visit,  ve  reiterated  the  fact  that  ve  will  conduct  a  joint  pro  pram  of 
data  collection  to  insure  that  the  Leech  hake  Indian  Tribe’s  concerns  are  adeouatrly 
a-ddr.  ;nsc  ir,  our  study.  Ida  noted  that,  in  most  pla/min  ’.  efforts,  economic  tir. Le¬ 
ar.'*  readily  available  fro*.'  the  co-s^auitias  involved  and  we  do  not  r.nt  involved  in 


data  collection. 


?r,  a  ;  arroad  that  tli»:  Leach  hake  -vosorvntion  citu— 


nr.  as  a  a racial  cose  and  that  a  joint  propr.i;  of  economic  data  development 
•  i.-cess^ry  to  insure  that  ve  warn,  in  fact,  considerin'  all  facets  of  t!ia 
'  lie  L:.  cure ‘it.”  '.'Inca  tr.nt  maetiiy,  our  econerist  involved  in  this  rtu.1v ,  b. 
/  ..oonoy,  h:-i  been  in  contact  with  her  counterparts  from,  the  Leservation  Bu3- 
.  douiitteu  and,  I  believe,  the  pro-pram  io  slowly  but  adequately  heir.**  fornu- 


l  neiiuva  ail  of  our  aeetiups  to  data  have  beau  very  productive,  and  I  a-pprecir to 
t..u  non. -i  tali  ty  your  corrAtcue  showed  on  25  and  26  i»ept«dbor.  I  look  forward  to 
.  u c .. v.  ’v  .ti.. ys  to  continued  ;  mod  cc  Liunica  Lions  l>cts.*ao:i  t.c*  Loach  Lake*,  it-d 

t..-;  tt.  duui  ,-iutrict. 


i  in  ce  rely. 


.i  :  .itcnv'.t  Colonel  , 
-.  iLV  .-ir- trict  r. 
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NATIONAL  PARK  SERVICE 
MIDWEST  REGION 
1709  JACKSON  STREET 
OMAHA,  NEBRASKA  63102 

1981 


In  accordance  with  President  Carter's  August  1979  Environmental  Message 
Congress,  the  National  Park  Service  has  completed  its  Conceptual  Master 
Plan  for  the  Upper  Mississippi  River  in  Minnesota.  The  plan  proposes 
National  Wild  and  Scenic  River  designation  with  Federal  administration  c 
221-river  miles  and  State  administration  of  68-river  tiles. 

During  the  planning  process,  a  group  of  eight  counties  along  the  study 
reach  of  the  river  formed  the  Mississippi  Headwaters  Beard.  The  Board 
independently  prepared  a  plan  for  management  cf  the  river  based  cr.  local 
and  State  government  powers.  The  Department  of  the  Interior  has  reccmre 
that  the  National  Park  Service  plan  be  held  in  abeyance  to  allow  tie 
Mississippi  Headwaters  Board  an  opportunity  to  prove  the  feasibility  cf 
the  local  plan. 

Enclosed  you  will  find  a  copy'  of  the  Transmittal  Report  for  the  Up 
Mississippi  Conceptual  Master  Plan.  The  report  details  the  reccm 
of  the  Department  and  provides  descriptions  cf  the  events  and  the 
spondence  that  led  to  the  final  reccmendaticns .  The  report  also 
surmaries  of  both  tie  National  Park  Service  plan  and  tie  Mississippi 
Headwaters  Board  plan.  A  summary  cf  tie  record  of  pun  lie  meetir.es  hell 
December  1980  to  discuss  tie  Park  Service  plan  is  included  in  tie  Transm 
Report. 

The  Transmittal  Report  is  being  provided  for  your  information  anc  ref  ere 
Questions  concerning  the  Upper  Mississippi  River  Conceptual  Master  Slur, 
should  to  directed  to  Mr.  Bill  Farr  and.  Fivers  and  Trails  Cccruu-u;  . 
Mid-west  Region,  National  Park  Service,  402-221-3462  cr  ITS  864-24cl. 
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March  25,  1931 


The  Honorable  Oonald  Fraser 
Mayor  of  Minneapo I i s 
City  Hall 

Minneapolis,  MU  55415 
Dear  Mayor  Fraser: 

MUNICIPAL  WATER  SUPPLY  FRCM  THE  MISSISSIPPI  RIVER 

In  the  drought  year  of  1976,  considerable  concern  was  expressed  to  the 
Covernr's  'iff ice,  the  Corps  of  Engineers,  and  this  '’apartmenr  by 
Minneapolis  public  works  officials  with  respect  to  tne  receding  flow 
rate  of  the  Mississippi  River  as  near  critical  co  aitions  were  contemplate 
The  matter  was  of  conside,*ibi e  public  concern  a:  it  was  reported  that 
Minneapolis  had  only  one  day's  worth  of  wate-  storage  capability  at  the 
time. 

Regretably,  bat  predictably,  we  are  age.  :.s  faced  'with  declining  river  flew 
rates  which  are  tol lowing  the  samp  recession  curve  observed  in  1976.  At 
this  point,  no  me  knows  or  can  oreoic*.  '.'-e  minimal  flow  rate  that  will 
be  experience  1 .  it  is  prudent,  hewov  >•,  to  consider  mat  options  are 
available  t:  the  City  should  water  a  .  iy  condi tin-s  deteriorate  to  r-:rr 
critical  levels  than  were  exoerif.-*''*  :  ;n  la76.  perhaps  jpp-pichir.g  the 
record  1 uw  flows  experienced  in  f?  : rough t  of  the  1350’s. 

It  would  also  be  pertinent  to  "spline  the  provisions  of  Minnesota  Statutes 
1980  ^  105.413,  whicn  reads  u,  follows: 

105.413  CO*.: FR VATIC-;  '  FU-LIC  WATER  SUPPLIES 

During  periods  •  critical  water  deficiency  as  d"fe>— -jned  bv 
the  governor  .mo  •  1  .* r" J  tv  order  of  the  Governor ,  Public  :‘.C' 

supply  author  i  t-.-  .  a  TV  rep  noting  water  shall  adapt  an!  •■r.rercr 
restrictions  t  si  stent  witn  -ules  a.dsotec!  by  *  r»«.»  cr~  -i  ss  ■;  -  «*•  (if 
natural  re  sc  >s  wi  thin  their  areas  of  jurisdiction  to  re.fict 
lawn  sprirt’i  car  washing,  golf  course  and  park  irr;  pivm,  and 
Other  no''-  'ntial  us-'s,  together  with  appropriate  pm  i!  t  ies  for 
failure  t"  •••';/  ••  •fh  ,K;  '  r^ti actions.  The  c«--'-ni'sio:  -r  ~ >y 
adopt  O'  •  :  ui  v  r  :  jr  .u.mt  t n  section  15. C4*’.?,  Sub-.v  i%'--i  t 
relati'  fa  fitters  :.v..re,1  by  this  tecti-'n  tiurirp  the  ye  tr  1^77. 
Disre  l  pt  critical  water  Oiticier’Cy  order, ,  even  thn-;  ih  to:  :  1 
appr  .  •  latinn  r-  tie-,  th  -n  that  porr  i  t » n.-t ,  shill  !_•-  e  .  ite 

g  r:/  !,  for  i  ;  :  i  d  i  a  •  >•  r  ,  i  i  f  i  c  : ! l  'n  of  any  publ  1C  w.l  ter  su;  ply 
auf.hcri  ty’s  upprnpn.j'.''r's  p.u  it. 


AN  FG'IVI.  OlVaPlie.i:-,  IV'-lUvr,! 
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In  addition,  statewide  rules  governing  Appropriations  of  l.'aters  have 
been  promulgated  effective  August  4,  1930.  A  copy~or— these' ’  ruTes  ,ir-- 
enclosed.  You  will  be  particularly  interested  in  6  MCAR  3  1.5053  O.l.g. 
(page  15)  and  §  1.5057  B.  (page  28). 

We  feel  that  the  first  means  to  consider  for  alleviation  of  i.--:->r  shortage 
during  a  drought  is  conservation.  The  City  of  Minneapolis  <---„id  develop 
a  contingency  plan  for  short  term  emergency  conservation  o*  ...a ter  supplies 
during  droughts.  This  should  include  hut  not  be  limited  lj  a  survey  of 
large  water  users  and  an  evaluation  of  methods  to  reduce  ..iter  use  during 
a  drought.  Also  a  conservation  plan  for  long  term  no. -ration  of  the 
municipal  water  use  should  also  be  developed  along  w  an  a  public  infor¬ 
mation  program  to  increase  the  awareness  for  the  ne-o  to  conserve. 

However  even  with  effective  conservation  practims  the  impact  on 
Minneapolis  r.anicipal  supplies  resulting  fro-  p-ercencies  other  than  low 
flow  such  as  break  down  in  intake  pumps  or  c  mtamination  of  ths  Mississippi 
River  prevent  its  ure  is  important.  Th-  -  'fore,  Minneapolis  should 
seriously  cfs :  i.'r  develop  in  i  an  auxiliary  water  supply  fren  ether  sources 
such  as  gr0,.,- ;  •.  .  n  prior  to  el  imi1- g total  dependence  on  a  sincle  sour 

increase  reserve  ipacity  and  reduce  to  demand  on  the  "iusissippi  River 
during  severe  droughts. 

In  a  related  ~  i  tte**  .-.e  ar--»  in  tke  •  'cess  r  f  reviewing  the  Ci  tv  c  f  Minrearol 
water  apornp  -  ’  .  *  .  •!  go— 1  r  re.  -8P15  issuon  .s*  1.  19*5.  7K->  n.vj'y 

promuli;  ite  I  r„  '-s  -atutro  rr~'  • •.  iter  supply  authorities  to  tubs-it  rir-> 
extensive  -  ••  !*irn  than  :iniily  roguirod.  Permit  /r.-vZlr  autre’ p;l' 
appropriate  ’■  wato-  fr-  -  mississ  issi  River  at  a  rate  not  to  e.u  ; 
240,000  gilld"-.  mmut  ■>  •  125,000  million  gall  'ns  .:  year  in  a^c.r,',*" 

with  the  at,;  1  i  ci  a  i  ■  n  :t  that  tire. 

The  water  use  reported  1  .  he  City  of  “'inneap-il  i  s  c^rres??"  is  to  >e  s.si  •- 1- 
priatinn  ra.te  or  ’l,7rZ  gallons  rer  mi  nut"  o-  a;  .  -n  v :  y  sp.p  :  ill.  n 

gallons  per  •  t.  S :  -  c  e  this  is  considerably  l.-v  the',  tie  prov:p;s  r  -gues 
clarification  ihc.uld  : _•  supplied  as  to  the  City's  actual  water  r.<-ecs. 


This  inform.1 1 
bable  amends. c 

i  r  n , 
n  t  ■  : 

1  the  following,  will  be  utilised  in  review  and  pu 
the  City's  water  appropriation  permit. 

1. 

The 

r.  .  .  or 

of  domestic  users. 

2. 

Rea' 

*  '-..ib  Ip 

projection  of  population  growth. 

3. 

Th- 

P  .1  h  1 

Tjrb^r 

1C  Writ 

and  type  of  industrial  and  commercial  users  of  the 
or  Supply  system. 

4. 

The 

a^n'j  n  t 

of  water  to  be  supplied  to  domestic,  industrial 

and  coa a  ere  i a  1  users  respectively. 


1-1-71 


Mayor  Donald  Fraser 
Page  3 

March  25,  1931 


5.  Other  users  by  type  of  use  and  amount  to  be  used  from  the 
public  water  supply  system  such  as: 

a.  golf  courses 

b.  recreational  lake  level  r.amtcnar 

C.  water  transferred  to  other  supply  systems 

6.  Information  regarding  the  Quantity  the  apprccriated  water 

to  be  used  in  distribution  and  was'-  water  treatment  facilities, 
not  including  volume  of  actual  ».asto  water. 

Our  objective  is  of  course  to  provide  for  a  more  reasonable  and  justifiable 
allocation  of  the  waters  available  fr->n  the  "i ss i ss i pni ,  and  to  assist  the 
City  of  Minneaool  is  in  planning  for  .-  •'se  unfortunate  but  ire/i t’S’e  periods 
of  water  deficiency.  A  policy  »•*  ■•ss  .mim  that  involved  stafe  and  f.->:-ral 
officials  can  or  will  respon 1  tv  joh  situations  by  immediate  releases  of 
additional  water  from  the  u:r  .  s  lakes  is  unrealistic,  based  -ct  s ■'/ 
on  hydrologic  consideration;  cs  travel  ti~e  in  the  river  tut  also 
third-party  ireacts  on  lakesnr.r**  and  riverside  interests  above  tne  City 
of  Minneapol is . 

I  hope  you  and  the  Cit.-  >t.aff  will  feel  free  to  consult  with  !_a>-ry 
Director  of  cur  './ate'  s  Division,  ard  Heaia  Rieke  of  the  Division  staff 
about  this  important  .atter. 


Yours^truly , 

/z  Gsi/?? 

Vfoseph  N.  Alexander 
Coimni  ssioner 


E  n ■  ’ osurp 

r.c:  Colonel  Dad aer 
Gary  Bo  tv  eh 
Perry  D  .  S'"  l  th 
Larry  Seymour 
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United  States  Department  of  the  Interior 

FISH  AND  WILDLIFE  SERVICE  IN  *"LV  T0 

St  Paul  Field  Office,  Ecological  Services 
570  Nalpak  Building 
33}  Sibley  Street 
St.  Paul,  Minnesota  53101 

May  27,  1982 

Colonel  William  W.  Badger 

District  Engineer,  St.  Paul  District 

U.S.  Army  Corps  of  Engineers 

1135  U.S.  Post  Office  and  Custom  House 

St.  Paul,  Minnesota  55101 

Dear  Colonel  Badger: 

The  U.S.  Fish  and  Wildlife  Service  has  reviewed  the  draft  Stage  3  Summary 
Report  on  the  Mississippi  River  Headwaters  Lakes  Study. 

Based  on  the  information  presented  in  the  report,  we  support  the 
conclusion  that  the  present  operating  plan  for  the  Headwaters  Lakes 
should  be  retained  (alternative  1).  This  would  allow  for  some  changes 
under  the  conservation  plan  (alternative  9)  which  are  within  the  limits 
of  the  current  operating  plan.  The  fish  and  wildlife  resources  of  the 
area  are  well  adapted  to  current  conditions,  and  there  seems  to  be  a 
balance  between  the  various  concerns. 

These  comments  have  been  prepared  under  the  authority  ox  and  in 
accordance  with  provisions  of  the  Fish  and  Wildlife  Coordination  Act  (48 
Stat.  401,  as  amended;  16  U.S.C.  661  et  seq.)  and  are  part  of  our 
continuing  coordination  with  the  Corps  on  this  project. 

Sincerely , 


Richard  F  .  Berry  1 
Field  Office  Supervisor 


Minnesota  Pollution  Control  Agency 


rJ  G.  Rapp,  Colonel 

.  .  rps  of  Engineers,  District  Engineer 
'  -  S-  Post  Office  (,  Customhouse 
t-ul,  Minnesota  55101 

Colonel  Rapp. 

■-  t  for  your  August  17  ,  1982  letter  concerning  the  craft 
--  --tty  report  for  the  six  Mississippi  River  Headwater 


.ncicated  in  your  letter,  the  draft  feasibility  report  does 
recommend  major  changes  z n  the  present  operating  plan  for 
headwater  lakes,  and  therefore  our  Agency’s  comments  are 
limited  at  this  time.  It  is  noted  that  some  of  the 
water  lakes  perimeter  dikes  will  be  upgraded  as  part  of  the 
lari. y  scheduled  maintenance  program.  On  page  162  of  the 
rt,  it  is  recommended  that  environmental  assessments  be 
p-isr.ed  prior  tc  the  upgrading  of  these  dikes.  The 
cement  s.toulc  carefully  evaluate  various  alternatives  as 
relate  to  environmental  degradation  so  that  the  least 
ru^tive  method  of  cikt  upgrading  can  be  identified. 

contact  me  if  you  need  additional  information. 


f  i<  _ c96 -  7 50  ] 

Rri.ic  Br  Rc-mwiH*'  Minnesota  f,5i  1 3-27bf 

•  [. /  :  fi.-!r-  •  i, .*.*.«  Rorhos***' 


Northern  States  Power  Company 


V.r  \  'dt'i 

:  •  t  ' 1  ;j;  ; !  i ' :  F-  ‘  r  ‘ .  ,  Co  r\:  r~  nt  F  n  i  neerc 

11/  ;;  v-t  ,  f:  *  u'F-  Cjr--.  V\  n.'xi^.r 

1  H;*  f  iT  > '  vlil  1  Z 

Ac  las'  '  review**:  a  copy  cf  K  C  Rapp’s  letter  1  ist  in.;  the  racerx-nta*  ions  *•  : 
t;  e  y.  i tss  ip;  :  Vivvr  Headwaters  Study  !'*rat  t  Report.  We  arc  ir;  r  is*v.  ••: 
:  Irst  r ec.TT'x a t  ion  which  indicates  that  the  present  operaf  in :  plan  r  e  the 
heatwaters  i.i«er  should  he  retained. 


n  •  s  In:  tt.e-  CQTC'jter  Operat  inns  Sr  uciy  oi.  l-e;  •  r.  y.  a- 

’  ,  v  .ix  Missisr.  ippi  River  headwaters  Parrs,  several  low  i  :  v  pj  a  ns  appear 
:  e.tn  W>-  fie-  :wc  that  the  1600  cfs  tainirtum  flow  at  An>:  a  ;  i.r.  is  a  vt.it 

■  .  i :  too  t  several  tw  m-cit  ies  area  water  needs,  and  snculi  r  ece ive  str  'n 
c  >ns  i  lerat  ton.  According  t' •  the  Corps  cf  Engineers  analysis,  t-ootxmc 
tenet  it1--  trip,  th  is  lew  .‘low  plan  are  very  high.  The*  aver  an-  m:val  no;n*  ;••.••• 
r.tt ■<•*.- 1>  result  in:  from  this  plan  are  low  including  f  isner :es,  w  .let.  , 
r-ore-.t  ior  a»xi  w  iidr  ice  product  ion. 


appears 


rects  of  inpl orient  in.:  the  !rr  o: 


r-scrvrir  arxt  lake  property  owners  and  recreot  or  s  w  >j .  t  :■  :ia,.  i  :r  a,  w.i 
t- net  its  to  tkvnstre.m  water  appropr  iators  wrur.t  lx  suhstant  Inst  it.;* 

t  he  1  non  ct«  1-w  flew  plan  is  a  very'  logical  solution  to  provid*  f  ••  wo.' 

: tor  the  twin  cities  area  and  does  not  interfere  wit*'  he-».1wa*-e:  r-sor 
-:.•*  ;vit  ies.  Therefore,  we  urge  that  the  1601)  cfs  r.inmr.  flew  p.a-  :■ 

ary  of  fort  to  n-g  I  omen*  . 


fie 1  ;  r» ; 


tlOKI’S  KKSl’DNSK  TO  51  Al'Ol'ST  198A  LKTTKK  FROM  NSI’ 


denerallv  speaking,  these  comments  are  correct  (see  the  summary  seat  ion  on 
n.r.’.e  18)  i't  the  main  report).  However,  as  also  stated  on  that  page ,  the 
e;:  v  i  tollmen  t  a  1  ,  soeial,  and  political  consequences  ol  adopting  tiie  1, •'()()- 
els  low  i  1 ow  plan  as  a  permanent  procedure  would  oil  set  the  identified  ccono- 
i  c  advantages.  A  summary  evaluation  of  the  alternative  plans  on  pages  97 
:  o  111)  of  the  main  report  supports  the  final  recommendations,  which  are 
to  retain  the  present  operating  plan  (plan  1)  and  incorporate  a  variation 
oi  tiie  conservation  plan  (plan  9),  which  is  within  the  limits  of  the  present 
operating,  plan.  The  report  further  recommends  that  the  1,600— els  low  flow 
plan  (.plan  J)  could  be  used  in  an  emergency,  but  that  the  cities  of  Minnea¬ 
polis  and  St.  1’au  1  should  develop  alternative  water  supplv  sources  and  conserv.i 
i ion  techniques  that  would  not  onlv  provide  a  margin  ot  safetv  during  drought 
.  .'.id  i  :  ions  hut  would  protect  Lite  cities  in  the  event  of  an  unexpected  water 
,  1 1  1 1  i  t  •.  problem,  such  as  from  a  chemical  spill  (see  also  main  report,  page  .'..12) 
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31  Auuust  1982 


Colonel  William  W.  Badger 
District  Engineer'S:.  Paul  District 
Corps  of  Engineers 

1135  V . S .  Post  Oft  ice  &  Custom  House 
St.  Paul,  Minnesota  55101 


Dear  Colonel  Badger: 


NCSPD-PF 

RE:  Draft  Fcasihilirv  Report  for  the 

six  Mississippi  River  in- ■adware rs  Lakes 
and  the  surrounding  area .  Tin  s  i  >:  lake- 
are  Winnihigoshif  h.  Let  t1.,  \ 

Sandy .  Pine,  and  Cull. 


MHS  Referral  Pile  Number:  0-9AO 


Tiiank  you  for  the  opportunity  ce  review  and  comment  or.  the  above  pro- 
R'tt.  It  has  been  reviewed  pursuant  to  responsibilities  giver,  the  Stat  < 
tlit.toric  Preservation  Officer  by  the  National  Historic  Preservation  c ; 
of  l°f>t>  and  the  Procedures  of  the  National  Advisor.  Council  -  f  Historic 
Preservation  ( 36CFR800) . 

Tit  is  review  concurs  with  the  finding:-  « he  report  regard  . ;  e  t  •'  r  1 , 
and  arciiaeclogical  resources.  Any  change:  brought  about  •  urtner  s'ud" 
of  individual  lake  operating  plans  should  be-  reviewed  bv  this  r‘ f  n.e.  Ti: 
erosion  of  numerous  archaeological  sites  along  the  Headwat «.  rs.  Lakes,  it  a 
serious,  problem.  It  is  hoped  that  tin  Corps  operations  and  mair. tea. inr¬ 
un  its  will  he  able  to  adequately  deal  with  this  probier... 

Again,  thank  voii  for  your  participation  in  this  important  effert  t. 
preserve  Minnesota's  heritage. 


Sincerel v , 


/ Russell  V .  Fr i d 1 e y 
W  State  Historic  Pres 


a:  .i  cti  i/f  * 


i  <*  ■  r 


tB 


STATE  OF 

IfcOtfcOdg 

DEPARTMENT  OF  NATURAL  RESOURCES 

BOX  32.  CENTENNIAL  OFFICE  BUILDING  •  ST.  PAUL.  MINNESOTA  •  55155 


DNR  INFORMATION 
(612)  296-6157 


FILE  NO  . 


September  7 ,  1982 


Colonel  Edward  G.  Rapp 
District  Engineer 

St.  Paul  District,  Corps  cf  Engineers 
1135  U.S.  Post  Office  &  Custcm  House 
St.  Paul,  MR  55101 


At  ten  tier! :  NCSPTHPF 
>.  u.r  Colonel  Rapp: 

The  following  Department  cements  are  provided  on  the  draft  feasibility 
report  for  the  six  Mississippi  River  Headwaters  Lakes  and  surrounding  area 
dated:  Aucrust ,  1982.  We  are  sorry  we  could  not  provide  cements  by  your 
Aa-rurt  31,  1982  deadline. 

Wo  look  forward  to  receiving  the  final  report  on  this  study. 

Gmcercly, 

.  o.'icia.  or  water? 


Dave  Hills.,  MDf.’R  -  Brairierd 
'*vrry  Paul,  MTXJR  -  Bemidii 
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AN  EQUAL  OPPORTUNITY  EMPLOYER 


Department  of  Natural  Resources  Caments 


Re:  Draft  -  Feasibility  Study  Mississippi  River  Headwaters  Lakes  in  Minnesota, 
August,  1982 

SYLLABUS 

Although  we've  already  contacted  the  Study  Manager  in  regards  to  this, we  feel 
its  appropriate  to  document.  Page  two,  the  recanrendat ion  for  the  problem  area  • 

i 

i 

of  Black  Bear  and  Miller  Lakes  flood  problem  is  inconsistent  with  respect  to  the 
non-availability  of  a  local  sponsor.  As  you  know,  the  main  report  identifies 
Crow  wing  County  as  the  proper  local  sponsor. 

Page  59,  Paragraph  4 

We  would  suggest  that  the  last  sentence  in  this  paragraph  be  changed  to  read: 

"The  magnitude  of  the  problem  will  depend  on  water  : 

I 

conservation  and  water  management  planning."  ( 

Page  83,  Plan  1  -  Present  Operating  Plan 

We  would  reaffirm  our  request  made  to  the  Corps  of  Engineers  in  our  carmen ts 
dated:  January  31,  1980  that  the  following  statement  be  added  near  the  beginning 
of  this  discussion: 

"The  present  dam  operation  plan  has  been  established  based  an  a 
cooperative  agreement  between  the  Department  of  the  Army  and  the  State 
of  Minnesota. 

The  plan  is  in  compliance  with  requirements  of  Minnesota 
Statutes  Section  110.49  which  prescribes  maximum  and  minimum 

H 

stages  and  resultant  discharges  frcm  each  reservoir. 
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CORPS  RESPONSE  TO  7  SEPTEMBER  1982  LETTER  FROM  MDNR 


1.  Concur.  The  report  has  been  corrected. 

2.  The  report  has  been  changed. 

3.  No  signed  cooperative  agreement  exists  between  the  Corps  and  the  State 

of  Minnesota.  A  draft  agreement  was  prepared  at  one  time,  but  was  not  completed 
when  it  was  determined  that  the  Corps  could  not  sign  such  an  agreement.  How¬ 
ever,  the  Corps  of  Engineers  attempts  to  follow  State  of  Minnesota  regulations, 
and  low-flow  schedules  for  the  six  Mississippi  River  Headwaters  Lakes  are 
basically  the  same  as  those  required  by  Minnesota  Statutes  Section  110.49. 
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PROGRESS  REPORTS 


The  following  progress  reports  were  mailed  to  over  800  people  and 
"gencies  throughout  the  study.  This  method  of  communication  was  essential 
because  of  the  large  study  area  and  diverse  interests  requiring  information 
on  study  progress. 
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MISSISSIPPI  RIVER 
HEADWATERS  LAKES  STUDY 


ST  PAUL  DISTRICT  CORPS  OF  ENGINEERS 
1135  U  S  POST  OFFICE 
ST  PAUL.  MINNESOTA  55101 


NOVEMBER  1981 

PROGRESS  REPORT 


▲ 


This  is  tile  eighth  progress  report  on  the  "Mississippi  River  Headwaters  Lakes 
in  Minnesota"  study.  The  last  progress  report  was  distributed  in  February  J980. 

CURRENT  STATUS 

This  three-step  study  is  in  the  final  stage  of  completion.  A  drat t  report  and 
environmental  impact  statement  are  scheduled  for  completion  in  February  1982, 
with  a  final  report  and  EIS  scheduled  for  September  1982. 

['lie  Stage  2  report  was  completed  in  1979,  and  this  report  recommended  further  study 
of  10  possible  lake  operating  plans.  Nine  other  water  related  problems  were 
eliminated  from  the  study  at  that  time. 

No  funds  were  received  for  the  study  in  fiscal  year  1981  because  ot  budget  cuts, 
and  no  public  meetings  or  workshops  were  held.  However,  son.*  liscal  year  carry-over 
funds  were  used  to  let  a  computer  model  contract  in  dune  1981.  The  contract  will 
allow  redevelopment  of  a  computer  model  to  evaluate  the  10  lake  oper.it  ini:  plans. 

The  proposed  model  will  replace  an  earlier  version  which  was  unable  to  handle  low  t  low- 
operation  properly.  The  computer  contract  is  scheduled  for  completion  in  January  ins. 

MEETINGS 


The  tol  lowing  is  a  summary  of  meetings  held  with  study  advisarv  groups  and  others 
since  che  last  report. 


Date 


Participants 


Topics 


20  March  1980  Representatives  of  September  1979 

Leech  Lake  Reser-  Stage  2  Report 

vat  ion  Business  Com¬ 
mittee  and  Mississippi 
River  Parkway  Com- 
miss  ion 


9-10  October  1980 


Tribal  representatives 
and  various  Federal 
agents 


Chippewa  Tribe 
Business  Develop¬ 
ment  Conference 


24  November  1980 


1  Jth  Annual  .'iter  Presentation  of 

Resources  Seminar  paper  "Competing 

Water  Uses  in  the 
Twin  Cities  Met  ro 
Area" 
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hoc  a t ion 
S  t .  Pan  1 


Grand  Portae* 


1'ni  vers  i  t  v  n  t 
M i nnesot a 


1J  December  1980  Leech  Lake  Reservation  Water  levels  and  Cass  Lake 

Planning  Staff.  Rieing  and  wild  rice 

Committee,  Minnesota 

DNR 

-N  Lmuary  1981  Corps,  Leech  Lake  Headwaters  Bemidji 

Tr ibal  Representatives, Study 
KAWE-TV 

1  i  Line  1 1*8 1  Reservation  Rieing  Wild  rice  and  Cass  Lake 

Committee,  DNR,  and  developing  a 

U  of  M  Agronomy  "conservation 

Dept.  plan" 

Leech  Lake  Tribal  Develop  a  Cass  Lake 

Rep resent a t ives  "conservat ion" 

or  wild  rice 
plan 

Lower  Mississipi'i  Upper  Mississippi  bt  .  Haul 

River  Corps  Districts  River  t  low 

Leech  Lake  Tribal  limitations 

Representatives , 

Minn  DNR 

black  Bear  and  Miller  Lakes  Flood  Problem 

i  in-  homeowners  on  Black  Hear  and  Miller  Lakes  have  made  progress  in  finding,  a 
1 1  i table  sponsor  for  a  small  flood  control  structure.  Crow  Wing  County  has 
in  'footed  to  the  local  people  that  it  would  be  the  local  sponsor  il  the  Corps 
guilds  the  project.  The  local  sponsor  would  (a)  provide  the  lands,  easements 
•  ad  r i ghts-ot -wav  necessary  for  const  rue  t  ion ;  (b)  hold  and  save  the  Unit  ed  l  t  • 
rec  i  rom  damages  due  to  the  construction  works;  and  (cl  maintain  and  operate 
. .  i  rue  t  oil  works  in  accordance  with  Armv  regulations. 

Li.,  projei  t  will  lie  handled  lurthei  under  the  Corps  small  project  author  i  t  •  . 

Li  .  >u  'Ll  Ac  t  ion  I'  I  an 

.no  itv  ul  St.  Paul  lias  developed  a  drought  ait  ion  or  witer  conservat  ion  nLi 
:  .  pe  with  Mississippi  River  low  flows.  Following  this  plan,  St.  Paul  ioiil 

1..  i  1  v  reduce  its  reliance  on  Mississippi  River  1  lows  bv  60  percent  burin. 

■  periods.  The  St.  Paul  pi  an  takes  into  account  reduction  in  eonsuript  ion, 

1.. ..  , -eased  n.ii'  of  surface  water  facilities,  and  construction  ot  several  new  1  i 

.  ■  .  it'.-  wells. 

.,  .  itv  of  Minneapolis  does  not  have  a  final  drought  action  plan  at  th; 

t  i  i.e .  Minneapolis  has  conducted  shallow  groundwater  explorat  ion  m  t  ivit  ies  h 
,a.  ao>  hi  on  successful  in  locating  a  suitable  supplv.  It  is  imperative  tiiat 
M  i  iti a:'" 1 i s  complete  a  drought  action  plan  which  would  include  red  u  t  ion  in  ■ 
u  !■  i  mi.  and  an  alternate  supplv  source  during,  low  flow  periods  "t  in  the  ev. 

,  ,  i a  1 1  i  on  t  am i na  t  ion. 


8  u I v  1981 


■1  OCI  obet  1981 
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MISSISSIPPI  RIVER 
HEADWATERS  LAKES  STUDY 

ST  PAUL  DISTRICT  CORPS  OF  ENGINEERS 
1135  U  S  POST  OFFICE 
ST  PAUL.  MINNESOTA  55101 


FEBRUARY  1980 

PROGRESS  REPORT 


This  is  the  seventh  progress  report  on  the  "Mississippi  River  Headwaters  l.ufes 
in  Minnesota"  study.  The  last  progress  report  was  distributed  in  March  1^79. 

CURRENT  STATUS 

In  August  1979,  the  University  o!  Minnesota's  St.  Anthony  ’  ills  Hydraulic 
Laboratory  completed  a  study  and  reported  cut  "The  El  foots  of  Oitforent  Operatin' 
Plans  For  the  Six  Mississippi  River  Headwater  Dams,  Part  1".  The  report  summari  •< 
the  operating  plan  effects  of:  (1)  present  conditions,  (2)  a  natural  I  low  plan, 

(3)  a  flood  control  plan,  and  (4)  a  water  supply  plan.  St.  Paul  District 
summarized  the  results  of  the  laboratory's  report  in  its  September  1979  Stage  . 
summary  report.  Copies  of  the  report  were  distributed  for  comments  to  principal 
agencies  and  advisory  groups  associated  with  the  study. 

MEETINGS 

We  held  several  meetings  with  the  studv  advisory  ".roups  and  others  since  tin 
last  report.  The  meetings  are  summarized  below. 

Date  Part  if i pants  Topic  Location 

7  March  1979  Aitkin  Area  Citizens  Studv  progress  Aitkin 

Committee  and  Aitkin  and  preliminary 

Conservancy  District  findings 

19  dune  1979  Local  officials  and  Black  Bear-Miller  Crosby 

concerned  citizens  Lake  flood  problems 

2  August  1  979  Aitkin  Area  Citizens  Flood  Insurant  e  Aitkin 

Committee  and  other 
interested  individuals 

21  September  1979  Mississippi  Headwaters  Studv  status  ami  L'alkei 

Association  Wilt!  and  Seen  it 

River  Proposal 

29  October  1979  North  Central  Division  Checkpoint  or  m.  ;  ’  in  I 

anti  St.  Paul  District  status  meeting 

Per  sentii  ■  I 
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Date 

Part ieipants 

Topic 

I. oca  t  i  on 

1 1  December 

1979 

Aitkin  Conservancy 

Board  and  Ryan  & 

Ryan,  Attorneys 

September  1479 
Stage  2  report 

Aitkin 

1 1  December 

1979 

Commissioner  and 
division  heads  of  the 
Minnesota  Department 
of  Natural  Resources 

September  1979 
Stage  report 

S  t .  Pau 1 

22  January 

1980 

Ecological  Services, 
Minnesota  Department 
of  Natural  Resources 

September  1479 
Stage  2  report 

St .  Pau 1 

5  February 

1980 

University  of 

Minnesota  seminar 

Studv  summary 

M i nueapo 1 i s 

SEPTEMBER  1979  REPORT 

The  September  1979  Stage  2  report  conclusions  are  the  same  as  those  contain..! 
in  the  August  1978  Progress  Report  with  the  mod i f icat ions  indicated  in  the  March 
1979  Progress  Report.  The  only  new  item  involves  preliminary  conclusions  concrni 
alternative  operating  plans  for  the  six  Mississippi  River  Headwaters  hakes 
(Winnibigoshish,  I.eech,  Pokegama,  Sandv,  Pine  River,  and  cull).  Tin  report 
subject  to  revision,  upon  receipt  of  comments  and  additional  information  ft  or; 
affected  interests. 

The  September  1979  report  represents  the  second  stage  of  a  three-sta,-. 
feasibility  investigation.  It  is  a  final  summary  for  all  the  wa  t  er-re a:  *  i  nr  d-1  . 
under  investigation  except  for  the  headwater  lakes  operation  plans.  t -t ! v  tin- 
headwaters  lakes  operation  plan  analysis  will  he  continued  in  St  ago  1.  At  t  :i.  . 

of  Stage  3,  a  final  report  will  he  prepared  to  summarize  t lie  complete  study  t .  -a;  1 : 
for  all  identified  problems.  The  following,  sur.rn.irv  tab!.  -  empires  .ein-i.i  hi  •’ 
low-water  losses  that  would  occur  with  each  of  the  four  plans  that  have  been 
considered.  This  evaluation  was  made  using  a  computer  analysts  developed  hv  tin 
Corps  Hvdro logic  Engineering  Center  in  Davis  California. 


Operating  plan  comparison  —  average  annual  hiv.h  -  and  low-wat»*r  losses 


Ope r_.it  i  mt _ p  1 . *_n_ 


Area  or  location 

Alternative  1 
(present 

eond i t i nns) 

Alternative  2 
(natura 1 
cond  it  ions’) 

Alternative  3 
( f 1 ood 
control ) 

A 1  tern.it  i\ 
( wa ter 
snpp lv) 

Headwaters  lakes 

Winnlblgoshish 

$32,460 

$97,440 

$72,746 

$29,867 

Leech 

96,085 

499,368 

126,445 

125,096 

Pokegama 

68,840 

55,845 

65,271 

68,262 

Sandy 

96,836 

407,848 

196,293 

92,557 

Pine  River 

33,425 

698,303 

33,338 

95,580 

Gull 

120.140 

443,343 

128,155 

164,855 

Total  headwaters 
lake 

447,486 

2,202,147 

622,248 

576,217 

Four  upstream  lakes 
(Winnibigoshish, 
Leech,  Pokegama, 
and  Sandy) 

294,221 

1,060,501 

460,755 

315,782 

Aitkin 

309,600 

453,760 

272,560 

300,520 

Aitkin  plus  six 
headwaters  lakes 

757,386 

2,655,907 

894,808 

876,737 

Anoka 

4,488,500 

6,119,500 

3,631,800 

1,104,100 

Total 

5,245,886 

8,775,407 

4,526,608 

1,980,837 

The  table  shows  that  the  present  operating  plan  is  the  most  attractive  el' 
the  four  plans  evaluated  if  only  the  damages  at  Aitkin  and  the  six  headwaters  lak 
are  considered.  The  present  operating  plan  with  approximately  5757,000  in  averag 
annual  damages  ranks  first.  The  low-flow  plan  with  approximately  $877,000  in 
average  annual  damages  is  second.  The  high-flow  plan  is  third,  with  $805,000  in 
average  annual  damages. 

If  the  water  needs  at  the  Twin  Cities  (Anoka)  are  included,  the  plans  are 
ranked  differently.  The  low-flow  plan  is  first  with  $1,981,000;  the  high-flow 
plan  is  second,  with  $4,527,000;  and  the  present  operating  plan  is  third  with 
$5,300,000  in  average  annual  damages.  The  return  to  natural  conditions  ranks 
last  under  either  set  of  circumstances. 

FURTHER  STUDY  EFFORTS 

Additional  study  efforts  in  1980  will  involve  social  and  environmental 
studies,  evaluation  of  additional  operating  plans,  archeological  studies,  and 
public  meetings  or  workshops.  You  will  be  advised  of  area  meetings  t.>  discus', 
the  results  of  the  Stage  2  studv  report  analysis.  The  me. lines  will  h, 
coordinated  with  the  Mississippi  River  Headwaters  Association  and  will  be  held 
this  spring. 
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MISSISSIPPI  RIVER 
HEADWATERS  LAKES  STUDY 

ST  PAUL  DISTRICT  CORPS  OF  ENGINEERS 
1135  U  S  POST  OFFICE 
ST  PAUL.  MINNESOTA  55101 


MARCH  1979 

PROGRESS  REPORT 

This  is  the  sixth  progress  report  on  the  ’’Mississippi  River  Headwaters 
Lakes  in  Minnesota"  study.  The  last  progress  report  was  made  in  August 
1978. 

CURRENT  STATUS 

The  workshops  originally  described  in  our  August  1978  progress  report 
have  not  been  held.  The  University  of  Minnesota's  St.  Anthony  Falls 
Hydraulic  Laboratory  has  experienced  additional  problems  with  the  com¬ 
puter  model  that  will  be  used  to  evaluate  various  headwaters  lake  oper¬ 
ating  plans.  Workshops  will  be  held  this  summer  as  soon  as  some  oper¬ 
ating  plans  art  ready  for  review. 

MEETINGS 


Several  meetings  were  held  with  study  advisory  groups  and  others  since 
our  last  report.  The  meetings  are  summarized  below. 


Meeting  date 

Representative 

Topic 

Location 

7  September  1978 

Aitkin  Conservancy 
District,  city  of 
Aitkin,  Aitkin 
County. 

Effects  of  22- 
23  August  1978 
rainstorm  and 
headwaters  lake 
operation  effects. 

Aitkin 

14  September  1978 

Leech  Lake  Reserva¬ 
tion  Business  Com¬ 
mittee  plus  sever¬ 
al  Federal  and 

State  agencies. 

Study  status  and 
dredging  permits. 

Cass  Lake 

4  October  1978 

Upper  Mississippi 
River  Basin  Com¬ 
mission. 

Lake  Bemidjl  water 
qua  1 i t  v . 

St.  Paul 

18  January  1979 

Aitkin  area  citi¬ 
zens  committee 
and  other  inter¬ 
ested  individuals. 

Flood  insurance. 

Aitkin 

•  R  I  KINDI  Nos 


he.  ,i  :-<•  t  additional  review  and  refinement  of  informal-,  n  :i:  a  in 

•  :  ".'hru.irv  1°78  :>rel  iminarv  stain-  2  report,  some  rum  1  u-.  i  n  -  n  av-  he. 
r<  v  i  •  i  s :  n  e  the  August  1978  prorre  report  : 

h  1  a  or  hear  a  n_d  J  i  i  1 1  e  r  Lakes  Flooa  croh  lem 

A  1 ow- ueaa  dan  .  r  levee  with  gated  control  could  prevent  recur r : nr  ’  I  : 
damage  in  ’he  area,  and  such  a  structure  now  appears  economical iv  feasi- 
nle.  The  first  cost  of  the  required  structure  is  estimated  at  $93,800. 

Tni-  project  requires  a  local  sponsor  that  has  taxing  and  condemnation 
author! tv  and  is  willing  to  share  in  the  project  costs.  The  project  costs 
will  he  divided  as  follows:  Federal  -  75  percent,  local  -  20  percent,  and 
i tate  -  5  -  ent  . 

r  -  . . d  the  Minnesota  Department  of  Natural  Resources  t.  -  r.sider 

acting  a-~  1.  al  sponsor.  In  its  2  February  1978  response,  the  Denar’ men: 
of  Natural  '-’..•sources  indicated  that  "...we  would  prefer  that  local  g  u  rn- 
vital  units  sponsor  and  maintain  such  a  structure."  Therefore,  local  in¬ 
terests  ar-  responsible  for  finding  an  appropriate  local  sponsor.  ’in  1  e--. 
a  local  ::  .or  can  be  found,  the  study  will  be  discontinued. 

Njiitjpfiaj  i.aVj  channel  Obstructions  and  Marking 

Permanent  connecting  channels  at  six  locations  in  the  h'hitefish  Chain  of 
Lakes  are  economically  feasible.  However,  this  project  also  requires  the 
support  of  a  local  sponsor  with  taxing  and  condemnation  authority  before 
it  can  he  submit  fed  to  Congress  for  authorization  of  construction.  Poss  ib 
local  syo’i  -  r  .  might  he  the  county,  watershed  district,  soil  and  water  con 
servation  district,  or  lake  improvement  district.  Local  interests  are  re¬ 
sponsible  for  finding  an  appropriate  project  sponsor  in  this  instance  also 

He  idvaters.  La_kj_'.  I’erimeter  Dikes 

The  28  perimeter  dikes  that  prevent  Winnih igoshish,  Pokeeama,  Sandv,  and 
"ine  River  Lakes  from  overflowing  onto  private  lands  or  into  unauthorized 
utlets  were  survived  and  found  to  have  adequate  cross  sections  and  ele¬ 
vation  grades  in  accordance  with  original  designs.  However,  each  dike 
must  now  he  evaluated  further  to  see  if  it  meets  current  design  and  safety 
requirements.  These  dikes  should  be  scheduled  for  detailed  inspect  ion,  le 
ir.g,  and  upgrading,  as  necessary,  as  part  of  the  District's  regularly 
.  L'-duled  maintenance  program  and  funding  authority. 


Leech  lake  Dam  Inlet  Channel  Restrictions 


The  heech  Lake  inlet  channel  dredging  proposal  appears  economical  Is-  insti¬ 
lled  and  would  lessen  average  annual  flood  damages  around  Leech  Lake.  The  ! 

proposal  and  supporting  data  have  been  transferred  to  the  St.  Paul  District's  1 

Const  rue t ion-Oporat ions  Branch  for  scheduling  with  operation  and  maintenance  i 

funds.  Tile  work  will  presumable  be  accomplished  at  a  later  date  if  appro¬ 
priate  funding  and  environmental  concerns  are  satisfied.  Further  inquiries  ■ 

on  tin1  status  of  this  proposal  should  be  directed  to  Mr.  Thomas  Oksness  -< 

i  (612-725-7363). 

I.cpo(._ii_  L<ikt^_Ma£jsh  Channel  Cutoffs  < 

After  further  investigation,  the  development  of  marsh  areas  in  the  4-mile 
reach  below  Leech  Lake  Dam  was  found  not  economical lv  feasible. 

The  proposal  to  develop  a  sub impoundment  in  Leech  Lake  to  improve  fish  and 
wildlife  habitat  and  offset  earlier  environmental  losses  associated  with 
channel  dredging  was  also  found  not  economicall v  feasible.  The  Sugar  Point 
:>og  area  was  first  thought  to  have  economic  feasibilitv,  but  was  ruled  out 
after  additional  study.  The  Sugar  Point  bog  site  also  included  three  eagle 
nests  which,  under  the  Endangered  Species  Act,  would  probable  have  precluded 
development  of  the  area. 

RELATED  STUDIES 

•  In  lulv  1978  the  University  of  Minnesota  completed  a  photo  interpre¬ 
tation  studv  of  Infrared  lmagerv  of  Leech  Lake  shoreline  habitat.  The  re¬ 
port,  which  includes  14  overlav  transparencies  of  U.S.  Geological  Survey 
quadrangle  maps,  is  titled  "Remote  Sensing  Analysis  of  the  Vegetation  of  the 
Mississippi  River  Headwaters  -  Leech  Lake,  Minnesota."  Copies  of  the  re¬ 
port  have  been  provided  to  the  U.S.  Fish  and  Wildlife  Service,  U.S.  Forest 
Service,  Leech  Lake  Reservation  Business  Committee,  and  Regional  Development 
Commission  (Staples,  Minnesota).  The  report  will  be  particularly  useful 

in  evaluating  the  effects  of  development  proposals  around  Leech  Lake. 

•  Fieldwork  will  continue  this  summer  on  the  2-vear  Leech  Lake  fishery 
studv.  The  primary  purpose  of  this  study,  which  Is  expected  to  be  completed 
in  the  fall,  Is  to  determine  the  optimum  range  of  water  levels  for  fish 
production,  particularly  northern  pike. 

•  All  si  x headwaters  lakes  -  Winn ib igoshish ,  Leech,  Pokegama,  Sandv,  Pirn 
River,  and  Cull  -  will  be  surveyed  in  a  1-year  water  quality  sampling  pro¬ 
gram  begun  in  September  1978.  The  work  is  part  of  a  St.  Paul  District  pro¬ 
gram  to  obtain  basic  data  on  all  impoundments  operated  bv  the  Corps.  The 
data  will  be  used  to  determine  the  need  for  future  water  quality  sampling, 
identify  potential  and  existing  water  problems,  and  help  determine  the  need 
for  revising  present  lake  operations  to  Improve  water  quality. 
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FEBRUARY  1978  REPORT 


The  draft  headwaters  lakes  preliminarv  report  eon  fa i ned  the  following 
cone  1  us  ions  com  emiiij;  10  study  problems: 

Optimum  Lake  Operating  Plans 

Studies  have  not  progressed  far  enough  Lo  make  rerommenda t i ons  oonoernin 
alternative  lake  operating  plans.  The  initial  studv  analysis  will  evaluate 
four  possible  operating  plans  that  emphasize  the  following:  (1)  natural  fl 

conditions,  (21  present  operating  conditions,  (3)  increased  Aitkin  area 
flood  protection,  and  (41  Twin  Cities  low-flow  supplement.  Additional 
analysis  will  be  made  of  these  four  operating  plans  plus  additional  oper.il  i  :i, 
p 1  va  r i a  t ions . 

Bunk  Erosion  Control  on  Six  Headwaters  Lakes 


No  structural  improvements  or  changes  in  lake  operat ion  are  reeomr.c  tided 
to  protect  large  expanses  of  shoreline,  although  protection  of  individu.il 
properties  mav  he  justified.  The  current  plans  of  operation  for  the  six 
headwaters  lakes  have  stabilized  or  caused  a  decline  in  erosion  on  each  of 
the  six  lakes.  Recent  detailed  studies  of  erosion  on  Lake  W i nn  ih i gosh t sh 
concluded  that  erosion  declined  during  the  period  1939  to  1989.  Study 
findings  mav  he  summarized  as  follows: 

a.  Fifty-six  percent  of  the  total  erosion  mav  have  occurred  during 
only  3  years  (1943,  194a,  and  1930). 

b.  Approximately  two-thirds  of  the  total  erosion  occurred  in  the 
1 i rs t  12  years  of  the  period  1939-1989. 

i.  rher.  was  t»  overall  decline  in  potential  erosion. 

No  1  urtl.er  studies  are  recommended  except  as  this  problem  r<  Litis  t 
headwaters  lake  operation. 

Erosion  Problems  Downst  t  cam  of  I’okegama  Dan 

No  ec  onomi  ea  1  1  v  feasible  solution  was  identities,  tor  tlu  pr.l  1  e-  a  to  i 
located  about  10  mile’s  downstream  of  Pokegama  Pam  near  Bla.  kbc  rrv,  Min m-.etu. 
No  structural  measures  are  recommended  for  this  area  which,  over  the  past 
20  years,  has  experienced  several  channel  change's  thit  have  been  o.ett  rr  i  >  .! 
to  be  part  o'  natural  river  processes.  No  addit  ional  study  is  to  ,  :  -.ended 
for  the  problem. 


White  Oak  Lake  Water  Levels 


No  further  action  is  recommended  for  stabilizing,  the  White  Oak  Luke 
water  levels.  A  proposed  dam  at  Days  High  Landing  appears  to  be  economically 
feasible  and  would  help  stabilize  White  Oak  Lake  levels,  but  the  Minnesota 
Department  of  Natural  Resources  does  not  currently  support  this  development . 

black  Bear  and  Miller  Lakes  Flood  Problem 

A  dam  or  closure  structure  that  would  prevent  backup  flooding  from 
the  Mississippi  River  would  give  the  best  flood  protection  for  this  area. 
However,  the  benefit-cost  ratio  for  the  dam  is  marginal.  The  only  alterna¬ 
tive  currently  feasible  is  flood  insurance,  adopting  floodplain  regulations, 
and  restricting  further  development  of  the  floodplain  area  around  these  two 
lakes.  The  dam  (closure  structure)  should  be  evaluated  further  to  determine 
whether  it  is  economically  feasible. 

Headwaters  Lakes  Perimeter  Dikes 


The  28  perimeter  dikes  located  around  Winnibigoshish ,  Pokegama,  S.indv, 
and  Pine  River  Lakes  are  required  to  maintain  the  desired  headwaters  lakes 
operation  schedules.  These  dikes  are  in  varying  states  of  repair;  some  are 
satisfactory,  while  others  have  serious  seepage  and  possible  stability 
problems.  Initial  inspections  were  limited  by  study  funds,  but  these  dikes 
should  be  scheduled  for  detailed  inspection  and  testing  to  determine  what 
recoramendat ions  should  be  made. 

Whitefish  Lake  Channel  Obstructions  and  Marking 

Permanent  connecting  channels  at  six  locations  in  the  Whitefish  Chain 
of  Lakes  are  economically  feasible.  These  six  connecting  channels  could 
be  dredged  to  provide  adequate  width  and  depth  at  low  water  elevations. 

The  channels  would  be  paralleled,  as  required,  by  rock  jetties  to  insure 
permanence  and  to  provide  shore  access  for  fishing.  This  alternative  is 
recommended  for  further  investigation. 

Leech  Lake  Dam  Inlet  Channel  Restrictions 


The  present  Leech  Lake  inlet  channel  could  be  dredged  to  improve  the 
hydraulic  capacity  of  the  Leech  Lake  Dam.  The  flow  capacity  of  the  dam  is 
less  than  it  was  when  the  dam  was  originally  constructed  in  1884.  Shoaling 
in  the  vicinity  of  the  Leech  Lake  entrance  is  the  primary  obstruction,  and 
removal  of  about  186,000  cubic  yards  of  material  is  necessary.  This  alterna¬ 
tive  is  recommended  for  further  investigation. 


1.-92 


Leech  Lake  Marsh  Channel  Cutoffs 


The  development  of  marsh  areas  in  the  4-mile  reach  below  Leech  Lake 
Dam  is  marginally  not  economically  feasible.  A  reevaluation  of  this  alter¬ 
native  is  recommended  before  any  detailed  analysis  is  made.  A  sub i rq> .  .und- 
ment  could  be  developed  in  Leech  Lake  to  improve  fish  and  wildlih  hahit.it 
and  to  offset  earlier  environmental  losses  associated  with  previous  channel 
dredging.  The  proposed  development  in  the  Sugar  Point  bog  area  is  rei  un- 
mended  for  further  study. 

Aitkin  Area  Flood  Problems 


No  economically  feasible  permanent  flood  protection  plan  exists  for 
the  city  of  Aitkin  or  for  downstream  rural  Aitkin.  Flood  insurance,  the 
existing  Aitkin  diversion  channel,  flood  forecasting  and  warning,  and 
maintenance  of  the  existing  Aitkin  emergency  dike  are  measures  which  would 
reduce  local  flood  losses.  The  report  recommended  that  local  residents 
in  the  affected  area  consider  purchasing  flood  insurance,  and  that  floodplain 
zoning  and  regulations  be  developed  and  enforced  to  control  further  floodplain 
development.  It  also  recommended  that  the  feasibility  of  developing  a 
modified  flood  control  operating  plan  for  Aitkin  be  evaluated  in  conjunction 
with  a  review  of  several  lake  operating  plans.  These  conclusions  are  current Jv 
under  review  and  may  be  modified  as  studies  progress. 

ECONOMIC  DAMAGE  SURVEYS 


A  damage  survey  conducted  on  19-22  June  1978  contacted  the  107  known 
Leech  Lake  commercial  property  owners.  The  survey  was  intended  to  aid  in 
the  evaluation  of  lake  operating  plans  by  providing  a  good  estimate  of 
economic  losses  caused  by  high  and  low  lake  levels.  The  results  of  the 
survey  are  as  follows: 


Interviews 


Damage 


14 

23 

52 

18 


High  water  damage  only 
Low  water  damage  only 
Both  high  and  low  water  damage 
No  damage 


107 


Total  interviews 


I- 94 


MISSISSIPPI  RIVER 
HEADWATERS  LAKES  STUDY 

ST.  PAUL  DISTRICT  CORPS  OF  ENGINEERS 
1135  U  S.  POST  OFFICE 
ST  PAUL.  MINNESOTA  55101 


FEBRUARY  1978 

PROGRESS  REPORT 


ihis  is  Liio  fourth  progress  report  on  the  "Mississippi  River  Headwaters 
Lakes  in  Minnesota"  study.  The  report  presents  information  on  study  progress 
and  upcon'ng  activities  in  the  ..tudv  area. 

C  'PKE’JT  ST.'.TJS 

A  dra:  l,  preliminary  report  on  the  headwaters  lures  study  will  he  •■  ox- 
pleted  in  February.  The  report  will  review  possible  solutions  to  problems 
that  were  identified  in  out  first  progress  report.  ihe  naior  concern  ot  tie 
study  -  possible  oh  mi-es  in  headwaters  lake  operating,  plans  -  is  not  fu.’iv  ad- 
dresseii  in  the  draft  report.  When  additional  work  has  been  completed,  litis  •  ■  . • 
tile  study  will  l>e  presented  to  the  pu  It  thr  review  and  input. 

l.Tr.hS 

ho  significant  meetings  were  Scheduled  >  r  inducted  since  tile  i.1  t 
progress  report  was  issued  in  October  19/?.  Work  diops  will  be  scheduled 
t  he  near  future  to  review  the  February  1979  draft  report  and  to  review  1  tr 

■  iteration  study  results. 

id.tkfJOMih  UAMAM  SJPVl'Yb 

Damage  surveys  were  conducted  on  i’okegama  and  Sandv  Lakes  and  in  the 
rural  Aitkin  area  in  1977.  LI  evat  i  on-damage  curves  and  darr.age-t  req  ten.  v 
urves  were  developed  for  the  areas.  Site  iniormat ion  gathered  on  l-'onegaxa 
and  Sandv  hakes  was  used  to  develop  similar  curves  for  Wi nn 1 b l goslii sh ,  Lee  h, 
Fine  River  and  hull  i.ak.es.  Tie-  results  ot  these  damage  surveys  will  fn 
;a:  1;.  i/.  '  at  t  ut  ure  workshops  and  will  he  used  in  tin  ■  urreiit  computer 

■  -.'a  1  tiat  i  o.i  of  lake  operating  plans. 
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The  following  table  summarizes  the  average  annual  damages  determined 
by  the  survevs.  The  figures  are  based  on  the  present  headwaters  lake  opera¬ 
ting  plans  and  current  price  levels. 


Site 


Lake 


W  innib igoshish 
Leech 
Pokegama 
Sandy 

Pine  River 
Gull 


Subtotal 

Aitkin  area 
Agricultural 
Nonag ricul tural 

Sub  total 

Total 


Annual  damage 


$15,050 

61,600 

49,000 

42,650 

75,000 

52,400 


295,700 


153,300 

48,800 

202,100 

497,800 


This  information  may  be  revised  when  more  detailed  field  investigations 
have  been  completed. 

OTHER  STUDIES 


The  Minnesota  Pollution  Control  Agency,  in  conjunction  with  the  Univer¬ 
sity  of  Wisconsin  and  Bendix  Aerospace  Systems,  completed  a  land  satellite 
imagery  study  in  November  1977.  The  study  produced  colored  images  of  much 
of  the  Mississippi  River  Headwaters  area.  Specific  land  use  and  water  qua!!:-, 
parameters  were  color  coded  on  1:250,000  scale  maps. 

The  Region  5  Regional  Development  Commission  in  Staples,  Minnesota,  also 
completed  a  water  quality  study  in  1977  using  land  satellite  imagery.  This 
study  was  conducted  by  Bendix  Aerospace  Systems  and  attempted  to  identify 
lake  water  quality  parameters  in  the  area.  That  portion  of  the  Mississippi 
River  Headwaters  study  area  in  Cass  and  Crow  Wing  Counties  was  included  in  the 
project . 

The  city  of  Minneapolis  Is  conducting  a  feasibility  studv  to  determine 
If  groundwater  can  be  used  to  supplement  the  present  municipal  supply  which 
comes  entirely  from  the  Mississippi  River.  Minneapolis  is  looking  at  a 
groundwater  source  to  provide  better  water  quality  as  well  as  an  alternate 
source  of  supply. 


1.-96 


The  Bureau  of  Outdoor  Recreation  released  its  final  report  and  environ¬ 
mental  impact  statement  on  the  >'pper  Mississippi  Wild  and  Scenic  River  Study 
in  October  1977.  The  report  .ecommends  adding  12  segments  totaling  353.3  miles 
of  the  Upper  Mississippi  Ri  >rer  to  the  National  Wild  and  Scenic  River  System. 

The  upper  10  river  segments  totaling  300.3  miles  would  be  managed  by  the 
National  Park  Service,  and  the  lower  2  segments  totaling  53  miles  would  be 
managed  by  the  State  of  Minnesota.  President  Carter  has  proposed  legislation 
that  would  put  the  report  recommendations  into  effect,  but  Congress  has  not 
acted  on  the  proposal. 

HYDROLOGIC  OUTLOOK- 19 78 

The  current  forecast  is  for  a  return  to  a  normal  or  above  normal  runoff 
situation  in  1978.  Headwaters  lake  levels  were  near  normal  in  January  of 
this  year,  with  a  net  release  from  all  six  lakes  of  2,180  cubic  feet  per  second 
(compared  with  the  1976-77  drought  period  release  rate  of  270  cubic  feet  per 
second) . 
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PROGRESS  REPORT 


This  is  the  third  progress  report  on  the  "Mississippi  River  Headwaters 
lakes  in  Minnesota"  study.  The  intent  of  this  report  is  to  inform  interested 
parties  on  the  study  progress. 

CURRENT  STATUS 

The  St.  Paul  District  is  evaluating  possible  solutions  to  problems  that 
were  Identified  in  our  first  progress  report.  Study  efforts  so  far  have 
concentrated  on  some  of  the  lesser  problems  identified  with  the  operation  of 
the  six  headwaters  lakes.  Evaluation  of  different  operating  plans  is  getting 
under  wav,  using  the  services  of  the  University  of  Minnesota's  St.  Anthonv 
Falls  Hydraulic  Laboratory. 

MEETINGS 

No  significant  meetings  were  scheduled  or  conducted  other  than  those 
identified  in  our  July  1977  progress  report.  A  letter  report  was  provided 
to  the  city  of  Aitkin,  Minnesota,  on  26  August  1977  summarizing  possible  non- 
structural  and  structural  solutions  to  Aitkin's  flood  problems.  No  economi¬ 
cally  justifiable  structural  solutions  could  be  identified  at  this  time, 
but  later  input  from  Mississippi  River  headwaters  lake  operation  benefit- 
cost  studies  could  change  these  results.  The  benefit-cost  studies  are  in 
progress . 

ECONOMIC  DAMAGE  SURVEYS 

Preliminary  results  of  the  June  1977  economic  damage  survey  on  Pokegama 
Lake  are  85  percent  complete.  Initial  findings  Indicate  that:  (1)  approxi¬ 
mately  60  houses  around  the  lake  will  receive  some  water  damage  from  a 
1-percent  chance  (100-year)  flood,  (2)  businesses  (resorts)  have  decreased 
from  about  25  in  1962  to  only  12  in  1977  ,  and  (3)  principal  damage  from  high- 
water  on  Pokegama  Lake  is  from  shoreline  erosion. 
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>  - 1  i  in  .'Vm  ultiir.il  Area  Surveys  conducted  in  June  and  August 
indicate:  (It  the  area  is  primarily  involved  in  livestock  opera- 

as  opposed  to  crop  production,  (2)  fairly  low  flows  flood  some 
'.cultural  land,  and  (3)  the  1  975  flood  (13-vear  flood)  reduced  some 
mors’  incomes  hv  as  much  as  one-third.  The  results  of  this  study  art* 

■  f>0  percent  complete. 

field  survev  of  Sandv  Lake  properties  was  conducted  by  boat  during 
1  e- :  week  in  September.  Pictures  and  approximate  elevations  were  oh- 
aed  •  r  mere  than  1,000  individual  homes  or  cabins  and  approximately 
1  us i nesses  .  Sample  interviews  with  lakeshore  residents  are  scheduled 
liter  in  October  1977. 


A  professional  services  contract  was  negotiated  with  the  I'niversitv 
"mnesota,  At.  Anthony  Falls  Hvdraul  ic  Laboratory  in  September  1  977. 

'niversitv  will  attempt  to  develop  a  computer  model  to  evaluate  and 
pare  effects  of  several  different  operating  plans  for  the  Mississippi 
or  headwaters  Lakes. 

ucpcuTp  rLiANGF 

Mississippi  River  Headwaters  Association  District  2  Director,  ihary 
rips,  representing  the  Big  Sandv-Mctlregor  area,  recently  moved  to 
tana.  The  Association  is  looking  for  a  replacement. 

•  WATf-c  IT VI  1.  SUMMARY 


1  iie  following  tabulation  of  high  water  levels  mav  be  of  interest  to 
-•  area  residents.  The  1 -percent  (100-vear)  and  10-porcent  (10-vear) 
:ic  floods  are  taken  from  newly  developed  high,  water  level  frequency 
i  ’r  ear!:  Mississippi  River  headwaters  lake.  A  similar  tabulation. 

!  >v  wafer  levels  will  he  prepared  as  soon  as  low  water  frequency 
".  a  ! r e  deve 1  oped . 

•>  irv  of  elevation  vs  frequency  for  the  six  Mississippi  River  Headwater 


Lake 

Desirable 

High,  water  elevations 

summer 

opera t 1 ng 
limit 

1 0-pcrcenr 
chance 
(10-year)* 

1 -percent 
chance 
(1  00-year)* 

May  i m/u- 

nbse  rvei 
In  1950 

:  nn  i  b  i  gosh  i  sh 

1 299.44 

1301 .5 

1302.9 

1  101.1  7 

!  e,  f  h 

1294.90 

1296.3 

1297.2 

1  246 . 8 ! 

!“ok  ei'  ana 

1273.67 

1277.3 

1278.2 

12”  .  32 

an.lv 

121b. 56 

1221 .6 

1223.9 

122s  .82 

’’  i  ne  ;i  i  ver 

1 229.57 

1  231 

1232.8 

12  11.-1 

"ill  1 

1194.0 

1194.7 

1 1^5.4 

11 45. f: 

*  Waned  on  si 

years  of  record 

,  1936-1976. 
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PROGRESS  REPORT 


This  is  the  second  progress  report  on  the  "Mississippi  River  Headwat . rs 
Lakes  in  Minnesota"  Study.  The  report  presents  information  on  study  status 
and  upcoming  activities  in  the  study  area. 

PLAN  OF  STUDY 


The  January  1977  Plan  of  Study  for  the  Mississippi  River  Headwaters 
hakes  in  Minnesota  was  approved  by  the  Office,  Chief  of  Engineers  in 
Washington,  D.C.  on  29  April  1977.  The  studv  activities  as  outlined  in  t 1 
plan  of  study  can  now  proceed,  subject  to  available  funds. 

Meet ings 

An  open  meeting  was  held  with  the  Mississippi  Headwaters  Association 
on  15  June  1977  at  Walker,  Minnesota.  Approximately  30  people  attended. 
The  principal  objectives  of  the  meeting  were  to  (1)  discuss  studv  progress 
to  date,  and  (2j  obtain  the  views  of  the  Mississippi  Headwaters  Associate 
regarding  preliminary  studv  findings  and  future  studv  efforts. 

On  30  July  1977  an  open  meeting  will  be  held  with  lakeshore  propertv 
owners  on  Black  Bear-Miller  Lakes  in  Crow  Wing  County,  Minnesota.  The 
meeting  will  be  held  at  2  p.m.  in  Crosby,  Minnesota,  to  discuss  studv 
findings  and  recommendations  on  the  Black  Bear-Miller  hales  flood  problem. 


In  addition,  two  meetings  are  scheduled  for  1  and  A  August  to  discuss 
the  results  of  another  study  in  the  Mississippi  River  headwaters  area, 
ihe  parallel  studv  has  developed  an  updated  master  plan  for  the  Corps- 
operated  recreation  areas  including  each  of  the  Mississippi  River  Head¬ 
waters  hakes.  Tne  plan  is  now  in  draft  form;  therefore,  the  meetings  are 
designed  to  obtain  public  input  for  the  final  report.  locations  and  times 
tor  the  public  meetings  are  as  follows: 


a.  Wednesday,  1  August,  7  p.m. 
Council  Chambers,  City  Hall 
Cram!  Rapids,  Minnesota 

b.  fhursdav,  4  August,  7  p.m. 
Crow  Wing  Countv 

Social  Service  Building 
Four t h  and  Laurel 
Brainerd,  Minnesota 


M 
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1 ;;  1 ,;i '  ' ,  1  .'rps  of  Fr.g  ineers  personnel  c.hk!uc  t  el  :  lei  !  surv.--< 

\  i.-.iC'  . ::t  erv  1  ews  relative  to  water  levels  on  Pokegama  l.ak*  •  i'h.  t 

f.Uc  an.:  i  - 1 .  v  it  ion  -lata  were  obtained  tor  over  «0i.)  residential  o-  : 
■vrcial  properties  around  the  lake  and  sample  interviews  were  o Ti¬ 
ed  wit  :i  likeshore  property  owners.  Pokegama  Lake  was  se looted  to 
e.rvevel  first  because  o:  its  moderate  shoreline  length,  the  high 
•entr.it  ion  of  dwellings  per  mile  of  shore! ine,  and  the  high  propor- 
:  or  oor.pjaints  about  lake  operation  which  originated  in  the  area, 
remaining  headwaters  lakes  areas  will  he  surveyed  later  as  time  and 
Is  porm.it. 


Along  with  the  Pokegama  lake  survev,  a  field  survey  of  *  lend  dar.a2< 
■o  Aitkin  area  is  in  progress.  Principal  efforts  will  he  directed 
i o t o : —  i n ing  real ist io  urban  and  rural  flood  damage  estimates. 


1  ..  l-eparttr.or.t  or  dousing  and  1'rban  Development  will  soon  conduct 
ltione.I  flood  insurance  studies  for  the  Mississippi  River  in  Ai'kin 
: t v .  Tin  studies  will  expand  on  the  100-vear  and  standard  prole rt 
•  ip  la  in  delineation  report  prepared  in  19  75  for  Aitkin.  The  studies 
1  establish  actuarial  rates  for  both  urban  and  rural  Aitkin  County 
is  v  ]97u,  which  will  permit  a  more  equitable  distribution  of  insur- 
costs  to  those  participating  in  the  flood  insurance  program. 

Cultural  and  archeological  studies  will  he  started  on  I.eeoh, 
ccuma,  Pine  River  (k’hitefish  chain),  and  Gull  Lakes  in  calendar  year 
Hi,,  studies  will  identify  shoreline  archeological  sites,  detor- 
rr.'ir  extent,  evaluate  their  potential  for  inclusion  in  t  he  Nation.-, 
ister  of  Historic  Places,  assess  the  effects  of  erosion,  and  make 
••tEsendat  ions  for  mitigation.  The  studies  will  he  similar  to  those 
ducted  for  Sandy  and  Linn ib Igoshish  Lakes. 

A  J-vear  studv  of  the  Leech  Lake  fishery  will  begin  in  October  1977 
study  will  he  conducted  bv  the  Minnesota  Department  of  Natural  Re - 
rues  and  funded  by  the  St.  Paul  District.  The  priraarv  purpose  of  the 
herv  study  is  to  determine  the  optimum  range  of  water  levels  for  fish 
iuction,  with  the  emphasis  on  northern  pike.  The  effect  on  walleve 
other  species  will  also  he  considered  in  the  study. 
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M EMBER SHIP  DIR KCTORV 
FOR  THE 

MISSISSIPPI  HEADWA  IFRS  ASSOC  I, Vi  I"1;* 
is  o!  September  2  J ,  !  976 

! '  I  RFCTORS 
District  1 


:  :.L  to.!  i  t  el  isil  Ar t-a 

Merr  i  1  F  .  Stedghil  1 
^R  1  Box  169 
•  ro^s  lake ,  MV  66442 

692-3831 

Gul 1  Lake  Area 

Waldo  C.  Lohrke 

Route  6  Box  232 
Brainerd,  MN  56401 

H63-2  74.1 

District 

) 

i  c  Sandy-McGr egor  Area 
Garv  Verrips 

Route  4  Box  78 

McGregor,  MN  55760 

426-3671 

Aitkin  Area 

Bvron  Schlagel,  Jr. 
Route  3  Box  15 

Aitkin,  MN  56431 

927-6]  -t  5 

District 

3 

u.ith  I.eech  Area 
’aeoh  I. .  Ramp 

Rte  1J,  Agoncv  Rav  Reso 
Walker,  MN  56484 

547-1886 

r  t 

North  Leech  Area 

Earl  Tiggemann 

Star  Route 

Cass  Lake,  MN  56613 

654-37.1 

District 

*4 

emid; i  Area 

..is.  Mary  R]  er  ke 

Route  1  Box  2  J 1 

Hem  i j  i  ,  MN  56601 

751-5749 

Cass  Lake  Area 

Mrs.  Nancv  Henr,  inger 
Box  505 

Cass  Lake,  MN  56633 

335-2152 

Ptstrn  t 

_5 

i nnih i zoshish  Area 

Perry  McArdle 

Star  Route 

Bena,  MN  56626 

665-2501 

Deer  River  Area 

Mr.  Thomas  E.  Giles 
Box  367 

Deer  River,  MN  56636 

District 

__6 

okegama  Lake  Area 

Richard  Hickman 

17  21  I.aP  1  ant  Road 

Grand  Rapids,  MN  55744 

326-1853 

Grand  Rapids  Area 

Claude  Titus  326-6619 

Welcome  House 

Grand  Rapids,  MN  55744 

OFFICF.RS 

res i den t :  Claude  F.  Titus 


Vice  President:  Merrill  K.  Stodghill 


Sec r e t arv-Trea surer :  George  A.  Rossnan  326-6621 

406  Pokegama  Avenue  North 
Grand  Rapids,  MN  55744 

*  The  association  was  formed  to  provide  effective  two-wav  communicat ion 
between  the  Corps  of  Engineers  and  the  public  concerning  the  current 
headwaters  area  studies. 
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MISSISSIPPI  RIVER 
HEADWATERS  LAKES  STUDY 


PROGRESS  REPORT 


i 

,  i 

This  is  the  first  progress  report  on  the  'Mississippi  River  Headwaters  j 

Lakes  in  Minnesota"  Study.  This  study  was  revised  in  197b,  due  to  renewed  j 

: :  1 1 cresi  bv  headwaters  lakes  area  residents  and  downstream  interests  in  the  j 

'•aeration  of  the  dams  that  control  six  Mississippi  River  headwaters  lake 

it. as.  These  lake  areas  are:  Winnib igosh i sh ,  Leech,  Pokegama,  Sandy,  Pine  j 

River  and  ouli ,  i 

j 

1  he  six  dams  were  originally  built  in  the  late  1800’s  and  early  lyOQ's 
:  >r  the  purpose  of  supplying  water  for  Mississippi  River  navigation  needs. 

1  he  need  for  navigation  has  diminished  over  the  years  and  recreation,  flood 
control,  water  supply,  fish  and  wildlife,  and  other  interests  are  in  competi¬ 
tion  over  how  the  dams  should  be  operated. 

S  i  1  i  >  V  ill  STORY 

I  lie  Mississippi  headwaters  has  a  long  history  of  conflict.  Major  adjust¬ 
ments  in  the  operation  of  the  dams  were  made  as  early  as  1931,  and  again  in 
1  *<.,  as  the  result  of  public  hearings  that  were  held  in  the  area.  The  pre¬ 
sent  headwaters  study  was  actually  authorized  in  1941,  with  the  prime  Interest 
being  that  the  operation  of  the  six  headwaters  dams  be  reviewed  to  determine 
ii  tlie  present  plan  of  operation  provided  maximum  benefits.  Due  to  limited 
: unding,  very  little  was  accomplished  on  the  study  until  a  computer  analysis 
is  conducted  during  1962-1964.  The  results  of  this  study  were  inconclusive. 

The  study  was  subsequently  expanded  to  include  consideration  of  a  dam  on 
the  Mississippi  River  near  Days  high  Landing,  restoration  of  marshes  on  the 
Leech  Lake  River  below  Leech  Lake  Dam  and  erosion  control  on  the  headwaters 
lakes.  A  preliminary  report  was  completed  on  the  Leech  Lake  Marsh  proposal 
in  1 9b6 ,  and  another  report  was  completed  on  the  Days  High  Landing  proposal 
in  1972.  Both  reports  indicated  feasible  projects,  but  neither  project  was 
ever  authorized.  Studies  and  work  on  ension  control  on  headwaters  lakes 
were  limited  to  recent  efforts  by  the  L'.S.  Forest  Service  on  Lake  Winnibigoshislt . 

The  most  recent  study  efforts  starting  in  1976  consisted  of  preparing  J 

i  plan  of  study  outlining  future  study  efforts  and  holding  informational  I 

reelings  in  the  headwaters  area.  The  following  planning  objectives  were  1 

developed  as  a  result  of  this  effort.  fl 
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a.  Develop  optimum  operating  pLan  for  the  six  headwaters  dams  (on 
a  system  basis)  in  the  interest  of: 

(1)  Stable  water  levels  for  lake  docking  facilities. 

(2)  Wild  rice  production  upstream  and  downstream  of  the  dams, 
w.iter  supply,  fish  and  wildlife  conservation,  hydropower  and  power  plant 
cooling  water  needs,  and  navigation. 

(d)  Bank  erosion  control  on  the  six  headwaters  lakes. 

(4)  Erosion  control  downstream  of  Pokegama  i)am. 

b.  Control  water  levels  in  the  White  Oak  Lake  area  for  wild  rice 
production  and  fish  and  wildlife  conservation. 

c.  Reduce  flood  damages  on  Black  Bear  and  Miller  Lakes  near  River¬ 
ton,  Minnesota. 


d.  Develop  an  optimum  plan  for  the  headwaters  lakes  perimeter  diking 
system. 

e.  Remove  channel  obstructions  to  recreational  craft  in  Whitetish 
Lake  Chain. 


f .  Remove  restriction  in  Leech  Lake  Dam  inlet  channel. 


g.  Marsh  restoration  downstream  of  Leech  Lake  Dam. 

h.  Flood  damage  reduction  in  the  Aitkin,  Pine  Knoll,  and  Cedar  Brook 
areas . 


STUDY  ORGANIZATION 


A  State-Federal  steering  committee  has  been  formed  to  provide  coor¬ 
dination  and  direction  to  the  study  ana  u)  monitor  progress.  The  Missis¬ 
sippi  Headwaters  Association  was  formed  by  a  group  of  concerned  citizens 
in  the  headwaters  area  to  provide  effective  two-way  communication  between 
the  Corps  and  the  people  of  the  headwaters  aiea.  The  board  of  directors 
from  this  organization  consists  of  12  members  from  representative  locations 
in  the  Upper  Mississippi  River  B„sin.  Mr.  Carl  Stephan,  Corps  of  Engineers, 
is  the  study  manager. 

STUDY  PROGRESS 

The  January  1977  Mississippi  River  Headwaters  Lakes  Plan  of  Study 
(POS)  was  submitted  to  our  Chicago  office  for  review  and  approval  on 
1  January  1977.  This  is  the  study  stage  1  report.  It  appears  that 
several  minor  changes  will  be  made  to  the  Pits  as  a  result  of  comments  by 
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the  Chicago  office.  The  POS  will  he  further  reviewed  !-v  1 5  •  office 
of  the  Chief  of  Engineers  in  Washington  for  fir.  ii  approval  ;  i>wvv r, 
work  is  already  in  progress  to  develop  background  informal ion  for  tin- 
stage  II  report  which  will  evaluate  alternative  s.  lotions  and  costs 
for  the  identified  problems  in  the  POS. 

SUPPORTING  STUDIES 

The  study  to  update  the  Master  Plans  for  l’ubii.  Use  Development 
and  Resource  Management  for  the  six  headwaters  lakes  is  progressing 
well.  Part  1  of  the  report  has  been  completed,  subject  to  some  re¬ 
vision  of  plates  and  other  data.  This  portion  if  the  report  describes, 
analyzes  and  evaluates  existing  conditions  concerning  recreation  oppor¬ 
tunities  at  the  six  Corps  headwaters  areas.  Part  11  of  the  report, 
which  should  be  completed  late  in  1977,  will  recommend  proposed  courses 
of  action  for  facility  development  and  resource  management  for  each  of 
the  six  Corps  recreation  sites. 

A  cultural  and  archeological  resources  investigation  of  the  Lake 
Winnibigoshish  shoreline  wi L 1  be  accomplished  in  1977.  i'his  investiga¬ 
tion  will  identify  shoreline  archeological  sites,  determine  their  ex¬ 
tent,  assess  the  effects  of  erosion  on  the  sites,  evaluate  the  potential 
of  the  sites  for  inclusion  in  the  National  Register,  and  make  recommenda¬ 
tions  for  mitigation. 

A  similar  cultural  and  archeological  investigation  will  be  started 
on  Sandy  Lake  in  1977.  This  study  will  be  conducted  in  a  similar  fashion 
to  the  Lake  Winnibigoshish  studv  with  the  same  general  objectives. 

An  aerial  survey  contract  for  color  infrared  imagerv  of  the  Missis¬ 
sippi  headwaters  lakes  area  was  completed  in  !t)7h.  The  resulting  photo¬ 
graphy  is  available  at  1:36,000  scale  (1  inch  =  3,000  feet)  on  9  x  9 
inch  contact  prints,  on  black  and  white  1 .iternecat i vos ,  and  on  color  in¬ 
frared  transparencies.  The  photography  will  be  used  in  connection  with 
future  economic  damage  surveys  around  the  headwaters  lakes  and  with  re¬ 
lated  environmental  studies. 

Photo  interpretation  of  infrared  imagery  of  the  Leech  Lake  shoreline 
is  scheduled  for  1977  by  the  bt.  Paul  District.  Utilizing  the  color 
infrared  photographs  obtained  during  the  summer  of  1976,  the  studv  will 
identify  wetlands  and  other  important  vegetation  and  land  and  water  uses. 
The  study  findings  will  be  utilized  in  evaluating  the  effects  of  pos¬ 
sible  changes  in  lake  operating  plans  on  wetlands,  wild  rice,  and  other 
vegetation. 
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MEETINGS 


A  meeting  was  held  in  the  Aitkin  Countv  Highway  Building  on 
12  January  1977  to  review  available  survey  and  other  graphic  data 
on  the  Pine  Knoll  area  downstream  of  Aitkin.  The  Aitkin  Drainage 
and  Conservancy  District,  the  Mississippi  Headwaters  Association 
(District  Director),  Aitkin  County  Extension  Service,  Aitkin  County 
Soil  and  Water  Conservation  District,  Aitkin  Countv  Highway  Depart¬ 
ment,  and  the  St.  Paul  District,  Corps  of  Engineers  were  all  repre¬ 
sented  at  this  meeting. 

WORKSHOPS 


The  January  1977  Mississippi  River  Headwaters  Lakes  Plan  of 
Study  indicates  that  area  workshops  will  not  be  held  prior  to 
December  1977.  In  light  of  the  3  January  1977  request  by  the  Missis¬ 
sippi  Headwaters  Association,  workshops  will  he  scheduled  for  June 
and  July  1977,  if  possible. 

Workshops  for  the  supporting  Headwaters  Lakes  Recreation  Master 
Plan  Study  are  tentatively  scheduled  for  April  1977.  Ihese  workshops 
will  be  held  in  the  maintenance  building  located  at  each  of  the 
Mississippi  headwaters  lakes  damsites  and  will  examine  the  Informa¬ 
tion  developed  in  Part  1  of  the  Recreation  Master  Plan.  A  separate 
announcement  will  be  issued  outlining  the  specific  date,  time  and 
place  for  these  workshops. 

FUTURE  PROGRESS  REPORTS 

Additional  progress  reports  will  be  mailed  to  you  as  the  study 
continues.  The  progress  reports  will  keep  you  aware  of  study  accom¬ 
plishments  and  of  your  opportunity  to  participate  in  public  meetings 
and  workshops. 

If  you  do  not  wish  to  be  retained  on  our  mailing  list,  or  for 
further  information,  please  contact: 

District  Engineer 
St.  Paul  District 
U.S.  Army  Corps  of  Engineers 
ATTN:  Urban  Studies  Section 
Planning  Branch 

1135  U.S.  Post  Office  and  Custom  House 
St.  Paul,  Minnesota  55101 
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BACKGROUND 

The  Mississippi  River  Headwaters  area  contains  all  or  part  of 
three  Chippewa  Indian  Reservations:  Leech  Lake,  White  Barth,  and  Mill 
Lacs.  Only  the  Leech  Lake  Indian  Reservation  is  affected  by  the  opera 
tion  of  one  or  more  of  the  headwaters  lakes  (Winnibi goshish  and  Leech 
Lakes;  see  attached  map). 


LEECH  LAKE 
INDIAN  RESERVATION 
LOCATION  MAP 


The  Leech  Lake  Indians  were  involved  in  the  District's  coo  rdin.it  i  on 


effort  throughout  the  course  of  this  study.  This  effort  is  reflected 
throughout  Appendix  E,  "Public  Participation  and  Coordination." 


The  prime  concern  of  the  Leech  Lake  Indians  with  regard  to  operation 
of  tiie  W  innib  igoshish  and  Leech  Lakes  centers  around  their  unique  local 
status,  which  is  reflected  in  three  major  points  cited  in  a  26  dune  1980 
letter  to  the  District  Engineer: 


"1)  The  United  States  is  the  legal  trustee  of  the  Indian  tribal 
estate. 

21  ilie  legal  nature  of  any  trust  relationship  is  characterized  by 
the  principle  that  the  administrator  of  a  trust  (the  riduciarv) 
must,  in  discharging  his  duties,  subjugate  his  own  interests  to 
those  of  the  beneficiary.  The  conduct  of  the  executive  branch 
in  dealing  witli  Lite  Indian  trust  estate  must  conform  to  the 
highest  fiduciary'  standards.  the  preservation  of  the  inteeritv 
of  the  trust  estate  must,  in  many  cases,  take  precedence  over 
the  welfare  of  the  general  public,  thus  rendering  the  'greatest 
good  for  the  greatest  number'  theory  inoperative  when  viewed 
in  the  context  of  the  federal- Indian  trust  relationship, 

1)  The  trust  estate  of  the  leech  Lake  Hand  of  Chippewa  Indians  is 
not  limited  to  its  diminished  land  holdings.  The  Hand  also 
possesses  legitimate  ownership  interests  in  the  fish,  game, 
wi  l  d  rice  and  other  hurvestable  resources  within  the  He  so  rv.it  i  on . 
In  addition,  although  unquantified  at  present,  the  iribe  tin- 
doubted ly  possesses  ownership  interests  in  the  water  resource 
of  the  Reservation.  All  of  these  'properties'  are  included  in 
the  Indian  trust  estate  and  come  under  the  trusteeship  of  the 
United  States  government.." 


The  three  points  are  of  concern  in  e  va  1  uat  in;:  alternative  opera!  inc  plans 
for  the  six  Mississippi  River  Headwaters  Lakes.  The  desires  and  needs  of  the 
leech  Lake  Tribe  must  be  accounted  for  during  plan  evaluation.  The  Corps 
acknowledges  the  special  status  of  the  Indian  under  the  law  but  is  not  in 
a  position  to  define  or  weight  the  significance  o f  Irihal  water  rights  in 
the  Mississippi  Headwaters  area.  Hie  matter  of  Indian  water  rights  falls 
under  the  jurisdiction  of  Congress  and  the  Federal  courts,  and  is  outside 
the  scope  of  this  study. 
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Congress  authorized  constrviction  of  the  headwaters  lakes  dams  by  the 
1.4  June  1880  and  2  August  1982  Rivers  and  Harbors  Acts,  and  in  1888  directed 
the  Secretary  of  War  to  establish  regulations  governing  control  of  water 
levels  and  discharges.  The  regulations  established  at  various  times  since 
then  are  broad  and  provide  the  District  Engineer  with  considerable  flexi¬ 
bility  in  control  of  the  Mississippi  River  Headwaters  I^akes.  In  keeping 
with  this  flexibility,  the  Corps  of  Engineers  has  regulated  the  six  head¬ 
waters  lakes  to  accommodate  all  public  (including  the  Leech  Lake  Tribe) 
interests  within  the  lake  flowage  rights  purchased  in  the  late  1800's  and 
early  1900' s.  The  authority  for  the  present  study  is  contained  in  a 
7  June  1945  resolution  by  the  Committee  on  Rivers  and  Harbors  of  the 
House  of  Representatives. 

The  Indians  maintain  that  they  vigorously  opposed  the  original  dam 
construction  and  that  the  dams  were  authorized  and  constructed  by  order  of 
Congress  in  spite  of  their  protests.  The  Indians  also  maintain  that 
the  Leech  Lake  Band  was  promised  a  large  sum  of  monev  annually,  and  in 
perpetuity,  for  the  damage  that  resulted  from  the  dam  construction.  Al¬ 
though  they  acknowledge  that  a  group  of  their  band  accepted  a  lump  sum 
damage  payment  after  1890,  overall,  the  members  of  the  Leech  Lake  Band 
do  not  believe  they  have  been  fully  compensated  for  the  loss  of  their 
lands  and  changed  conditions. 


CURRENT  STUDY 

The  tribe's  interest  in  the  study  increased  greatly  after  the  District 
prepared  and  circulated  a  preliminary  draft  phase  2  report  summarv,  dated 
February  1978.  The  Tribe  was  concerned  that  one  of  the  four  plans 
referred  to  in  this  report  (a  low-flow  release  plan)  would  drasticallv 
reduce  lake  water  levels  and  damage  fisli  and  rice  populations.  The 
Tribe  is  economically  dependent  on  these  resources  and  will  oppose  anv 
plan  which  would  adversely  affect  them. 
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A  second  draft  stage  2  report  by  the  District  in  September  ]979  led 
to  additional  expressions  of  concern  by  the  Tribe.  Included  in  the  con¬ 
cerns  was  a  request  that  the  Corps  evaluate  an  operating  plan  that  would 
optimize  lake  levels  for  fish  and  wildlife  resources  and  wild  rice 
production. 

Tt  was  subsequently  agreed  between  the  Leech  Lake  Band  and  the  Corps 
that  an  operating  plan  would  be  developed  and  evaluated  that  would  opti¬ 
mize  the  production  of  natural  resources  that  are  native  to  the  headwaters 
lakes  within  the  trust  estate  of  the  Leech  Lake  Band.  The  trust  estate  for  t 
purpose  of  this  evaluation  is  the  Leech  Lake  Reservation  boundary.  The 
operating  plan  so  evaluated  was  referred  to  as  the  "conservation  plan." 

It  was  furthei  agreed  that  the  headwaters  studv  would  attempt  to 
evaluate  the  effects  of  alternate  operating  plans  on  the  following  items: 

•  The  annual  yield  of  wild  rice. 

•  Fish  habitat  and  propagation  areas. 

•  Habitat  of  furbearing  animals  and  waterfowl. 

•  Cranberry  bogs  and  other  related  resources. 

•  The  economic  impacts  of  all  of  the  above  on  the  Leech  Like  Band. 

It  was  also  agreed  that  the  base  data  needed  to  develop  evaluation 
relationships  would  be  collected  jointly  by  the  Corps  and  the  Tribe. 

ECONOMIC  PROCEDURE 

As  a  first  step,  a  literature  search  was  conducted  by  the  Corps  and 
the  director  of  the  Leech  Lake  Department  of  Natural  Resources.  The  search 
found  little  available  information  on  any  of  these  resource  topics.  The 
two  most  useful  publications  turned  up  in  the  search  were  (1)  the 
Minnesota  Department  of  Natural  Resources'  study  of  the  Leech  Lake 
Fishery  prepared  in  December  1979  and  (2)  a  II. S.  Fish  and  Wildlife  studv 
of  wild  rice  prepared  in  1957.  These  two  studies  specifically  correlated 
lake  levels  and  production. 


1—5 


r,‘  AD- A 1  30  355  MISSISSIPPI  RIVER  HEADWATERS  LAKES  IN  MINNESOTA 

FEASIBILITY  STUDY  APPENDICES(U)  CORPS  OF  ENGINEERS  ST 
PAUL  MN  ST  PAUL  DISTRICT  SEP  82 


0/0 


UNCLASSIFIED 


F/G  13/2 


NL 


M'CROCOPV  resolution  test 


CHART 

,  a 


The  1979  fishery  study  reached  the  following  conclusions: 

1.  No  relationship  could  be  demonstrated  between  population,  size,  or 
class  strength  of  northern  pike  and  water  levels  over  the  past  50  years. 
However,  a  water  level  of  1294.0  by  15  April  appears  to  be  optimal  for  provid¬ 
ing  maximum  spawning  area  for  northern  pike  in  Leech  Lake.  This  level  is  also 
satisfactory  for  walleyes. 

2.  Leech  Lake  water  levels  between  15  April  and  15  May  should  be  stable 
or  rising  to  prevent  exposure  of  eggs  or  young  of  both  species  or  stranding 
of  northern  pike  in  spawning  areas. 

3.  In  unusual  years  with  late  spring  warmup,  the  period  of  stable  or 
rising  water  levels  should  continue  until  spawning  has  been  completed  or  until 
25  May. 

Information  from  the  1957  U.S.  Fish  and  Wildlife  study  indicated  that 
a  relatively  high  lake  level  was  the  most  beneficial  to  wild  rice  production. 
(This  conclusion  does  not  appear  consistent  with  those  on  lake  levels  and 
yields  determined  from  the  current  Corps  study.)  Yield  and  production 
data  from  the  1957  report  were  for  only  4  years  (1950,  1953,  1954,  1955), 
too  short  a  time  period  to  draw  firm  conclusions.  Additional  data  and  time 
would  be  needed  to  verify  the  results. 

Lacking  sufficient  base  data  and  ricing  records,  the  Indian  Tribe  and 
Corps  representatives  jointly  determined  that  current  study  effort  should 
concentrate  primarily  on  rice  production  because  of  its  economic  signifi¬ 
cance.  It  was  the  general  consensus  that  a  lake  operating  plan  for  improved 
rice  production  would  similarly  benefit  fish  and  furbearer  production. 

Walleye  production  pretty  well  takes  care  of  itself  because  of  the 
ideal  flat  shoreline  slopes  of  Leech  Lake.  Northern  pike  production  is 
also  unaffected  as  long  as  the  floating  bog  masses  remain  floating  during 
the  spawning  period.  If  water  levels  drop  below  elevation  1294.0  during 
April  and  May,  northern  production  can  be  adversely  affected.  Generally 
speaking,  if  wild  rice  production  is  given  priority,  fishery  and  furbearers 
also  benefit. 
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Attempts  were  made  to  correlate  good-to-poor  rice  harvest  years 
as  qualitatively  defined  by  the  Reservation  Rice  Committee  with  observed 
hydrographs  of  Leech  Lake  levels  for  those  years.  A  series  of  overlays 
was  developed  which  segregated  rice  years  into  "low,  good,  and  exceptionally 
good"  rice  production  years  on  Leech  Lake.  Three  bands  were  established 
from  the  past  30  years  of  ricing  and  hydrograph  data.  These  bands  are 
not  mutually  exclusive  and  are  subject  to  several  exceptions,  such  as  a 
low  rice  year  appearing  in  a  good  year  band.  However,  the  bands  did 
enable  better  definition  of  evaluation  limitations  and  of  the  problems 
associated  with  using  only  water  levels  to  define  good  or  low  wild  rice 
production.  The  bands  also  helped  the  Reservation  Rice  Committee, 

University  of  Minnesota-Agronomy  and  Plant  Genetics,  and  the  Corps  to 
develop  a  "conservation  plan"  for  the  Mississippi  headwaters  study  based 
on  this  generalized  information. 
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LIMITATIONS  AND  PROBLEMS 


!  1 

The  following  limitations  to  developing  economic  benefits  for  wild 
rice  production  were  developed  as  a  result  of  the  current  study  effort: 

1.  Lake  operation  hydrographs  show  a  probable  correlation  between 
lake  levels;  changes  in  lake  levels;  and  good,  average,  and  poor  rice 
production  years. 

2.  Factors  other  than  lake  levels  affect  rice  production  (wind, 
sunlight,  ricing  season,  temperature,  insects,  disease). 

3.  A  correlation  does  not  necessarily  exist  between  acres  of  rice 
and  rice  production. 

4.  Available  data  on  cultivated  paddy  rice  does  not  necessarily 
apply  to  lake  rice. 

5.  Data  are  not  sufficient  to  make  any  reasonably  accurate  quanti¬ 
fied  estimate  of  existing  rice  production  or  to  assess  in  quantitative 
terms  the  corresponding  impact  of  changes  in  the  existing  operating  plan 
levels. 

CONSERVATION  PLAN 

The  above  are  limitations  and  problems  in  assessing  economic  impacts 
on  wild  rice  and  related  fish  and  wildlife  values.  Therefore,  it  was 
agreed  between  the  Tribe's  Rice  Committee,  the  Reservation  Department  of 
Natural  Resources,  University  of  Minnesota-Department  of  Agronomy  and 
Plant  Genetics,  and  the  Corps  that  the  following  two  actions  should  be 
i  pursued: 

i 

1.  The  parties  should  mutually  agree  on  a  recommended  lake  level 
plan  in  the  Leech  Lake  growing  season  that  would  be  identified  as  a 
4  "conservation"  plan  for  the  Mississippi  River  Headwaters  study.  This 

“  '  study  is  scheduled  for  conpletion  in  fiscal  year  1982  because  of  funding 

|  and  time  constraints. 
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2.  A  6-year  base  data  study  should  be  Initiated  to  collect  future 
information  on  Leech  Lake  rice  production.  (This  study  is  currently  being 
funded  with  operation  and  maintenance  funds.)  This  information  could  be 
used  in  future  evaluations,  especially  with  any  new  models  that  were 
successfully  developed  for  the  current  Mississippi  River  Headwaters  study. 

The  conservation  plan  that  was  decided  on  in  July  1981  is  shown  on 
the  following  sketch.  Generally,  the  plan  is  quite  similar  to  the  present 
plan  of  operation  for  Leech  Lake  except  that  the  conservation  plan's 
summer  level  would  be  at  the  low  side  of  the  current  0.4-foot  summer  oper¬ 
ating  range.  Attempts  would  be  made  to  limit  lake  fluctuations  as  indi¬ 
cated  on  the  sketch  while  not  exceeding  a  combined  Winnibigoshish-Leech 
Lake  maximum  downstream  discharge  of  2,500  cfs. 
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RESULTS 


Some  additional  modifications  were  made  to  the  Leech  Like  conser¬ 
vation  plan  in  April  1982  after  the  HEC-5  computer  modeling  was  com¬ 
pleted.  These  changes  will  be  incorporated  into  future  conservation  plan 
trials  as  agreed  to  with  the  Leech  Lake  Tribe.  The  modifications  are 
minor  and  are  within  the  limits  of  the  current  operating  plan.  The 
modifications  are  as  follows: 

1.  Attempt  to  stabilize  Leech  Lake  at  a  level  no  higher  than 
1294.7. 

2.  Modify  the  two  rules  that  apply  to  the  preceding  operation 
sketch  as  follows: 

a.  "Allow  maximum  rise  of  l1*  inches  in  48  hours,  but  then 
stabilize  and  bring  back  down  during  this  period." 

b.  "Can  withstand  a  lli-inch  rise  in  48  hours,  up  to  b  inches 

maximum. " 

3.  Maximum  combined  outflow  from  Winnibigoshish  and  Leech  Lakes 
of  2,200  cfs. 

A  comparison  of  the  conservation  plan  with  the  current  plan  of 
operation  is  displayed  in  the  following  table.  The  agreed-to  conserva¬ 
tion  plan  is  basically  an  attempt  to  refine  operation  within  present 
operating  limits  when  conditions  permit. 
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